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GENE THERAPY FOR CYSTIC FIBROSIS 



Related Applications 

This application is a continuation-in-part application of United States Serial Number 
5 08/130,682, filed on October 1, 1993 which is a continuation-in-part application of United 
States Serial Number 07/985,478, filed on December 2, 1992, which is a continuation-in-part 
application of United States Serial Number 07/613,592, filed on November 15, 1990, which 
is in turn a continuation-in-part application of United States Serial Number 07/589,295, filed 
on September 27, 1990, which is itself a continuation-in-part application of United States 

10 Serial Number 07/488,307, filed on March 5, 1990. The contents of all of the above co- 
pending patent applications are incorporated herein by reference. Definitions of language or 
terms not provided in the present application are the same as those set forth in the copending 
applications. Any reagents or materials used in the examples of the present application 
whose source is not expressly identified also is the same as those described in the copending 

1 5 application, e.g., AF508 CFTR gene and CFTR antibodies. 

Pftclkgrffwinitl of th? iBtvgwtiiQn 

Cystic Fibrosis (CF) is the most common fatal genetic disease in humans (Boat, T.F. 
et al. in The Metabolic Basis of Inherited Diseases (Scriver, CR. et al. eds., McGraw-Hill, 

20 New York (1989)). Approximately one in every 2,500 infants in the United States is bom 
with the disease. At the present time, there are approximately 30,000 CF patients in the 
United States. Despite current standard therapy, the median age of survival is only 26 years. 
Disease of the puhnonary airways is the major cause of morbidity and is responsible for 95% 
of the mortality. The first manifestation of lung disease is often a cough, followed by 

25 progressive dyspnea. Tenacious sputum becomes purulent because of colonization of 

Staphylococcus and then with Pseudomonas. Chronic bronchitis and bronchiectasis can be 
partially treated with current therapy, but the course is punctuated by increasingly fi-equent 
exacerbations of the pulmonary disease. As the disease progresses, the patient's activity is 
progressively limited. End-stage limg disease is heralded by increasing hypoxemia, 

30 pulmonary hypertension, and cor pulmonale. 

The upper airways of the nose and sinuses are also involved in CF. Most patients 
with CF develop chronic sinusitis. Nasal polyps occur in 1 5-20% of patients and are 
common by the second decade of life. Gastrointestinal problems are also fi-equent in CF; 
infants may suffer meconium ileus. Exocrine pancreatic insuflBciency, which produces 

35 symptoms of malabsorption, is present in the large majority of patients with CF. Males are 
almost uniformly infertile and fertility is decreased in females. 

Based on both genetic and molecular analyses, a gene associated with CF was isolated 
as part of 21 individual cDNA clones and its protein product predicted (Kerem, B.S. et al. 
(1989) Science 245:1073-1080; Riordan, J.R. et al. (1989) Science 245:1066-1073; 
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Rommens, J.M. et al. (1989) Science 245:1059-1065)). United States Serial Number 
07/488,307 describes the construction of the gene into a continuous strand, expression of the 
gene as a functional protein and confirmation that mutations of the gene are responsible for 
CF. (See also Gregory, RJ. et aL (1990) Nature 347:382-386; Rich, D.P. et al. (1990) Nature 
5 347:358-362). The co-pending patent application also discloses experiments which show that . ♦ 
proteins expressed from wild type but not a mutant version of the cDNA complemented the 
defect in the cAMP regulated chloride channel shown previously to be characteristic of CF. • 

The protem product of the CF associated gene is called the cystic fibrosis 
transmembrane conductance regulator (CFTR) (Riordan, j.R. et al. (1989) Science 245:1066- 

1 0 1073). CFTR is a protein of approximately 1480 amino acids made up of two repeated 
elements, each comprising six transmembrane segments and a nucleotide binding domain. 
The two repeats are separated by a large, polar, so-called R-domain containing multiple 
potential phosphorylation sites. Based on its predicted domain structure, CFTR is a member 
of a class of related proteins which includes the multi-drug resistance (MDR) or P- 

15 glycoprotein, bovine adenyl cyclase, the yeast STE6 protein as well as several bacterial 

amino acid transport proteins (Riordan, J.R. et al. (1989) Science 245:1066-1073; Hyde, S.C. 
et al. (1990) Nature 346:362-365). Proteins in this group, characteristically, are involved in 
pumping molecules into or out of cells. 

CFTR has been postulated to regulate the outward flow of anions from epithelial cells 

20 in response to phosphorylation by cyclic AMP-dependent protein kinase or protein kinase C 
(Riordan, J.R. et al. (1989) Science 245:1066-1073; Welsh, 1986; Frizzell, R.A. et al. (1986) 
Science 233:558-560; Welsh, M.J. and Liedtke, CM. (1986) Nature 'ill'Adl^ Li, M. et al. 

(1988) Nature 331:358-360; Huang, T-C. et al. (1989) Science 244:1351-1353). 
Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of 

25 mutations (Cutting, G.R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1 990) Cell 

61:863-870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S. et al. (1990) 
Proc. Natl Acad, Scl USA 87:8447-8451). Population studies have indicated that the most 
common CF mutation, a deletion of the 3 nucleotides that encode phenylalanine at position 
508 of the CFTR amino acid sequence (AF508), is associated with approximately 70% of the 

30 cases of cystic fibrosis. This mutation results in the failure of an epithelial cell chloride 
channel to respond to cAMP (Frizzell R.A. et al. (1986) Science 233:558-560; Welsh, M.J. 
(1986) Science 232:1648-1650.; Li, M. et al, (1988) Nature 331:358-360; Quinton, P.M. 

(1989) Clin. Chem, 35:726-730). In airway cells, this leads to an imbalance in ion and fluid 
transport. It is widely believed that this causes abnormal mucus secretion, and ultimately 

35 results in pulmonary infection and epithelial cell damage. 

Studies on the biosynthesis (Cheng, S.H. et al. (1990) Cell 63:827-834; Gregory, R.J, 
et al. (1991) Mol Cell Biol 1 1:3886-3893) and localization (Denning, G.M. et al. (1992) J. 
Cell Biol 1 18:551-559 ) of CFTR AF508, as well as other CFTR mutants, indicate that many 
CFTR mutant proteins are not processed correctly and, as a result, are not delivered to the 
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plasma membrane (Gregory, RJ.etal. (1991) M?/. Ce// 5/0/. 11:3886-3893). These 
conclusions are consistent with earlier functional studies which failed to detect cAMP- 
stimulated CI" channels in cells expressing CFTR AF508 (Rich, D.P. et al. (1990) Nature 
347:358-363; Anderson, M.P. et al. (1991) Science 251:679-682). 
5 To date, the primary objectives of treatment for CF have been to control infection, 

promote mucus clearance, and improve nutrition (Boat, T J. et al. in The Metabolic Basis of 
Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York (1989)). Intensive 
antibiotic use and a program of postural drainage with chest percussion are the mainstays of 
therapy. However, as the disease progresses, frequent hospitalizations are required. 

10 Nutritional regimens include pancreatic enzymes and fat-soluble vitamins. Bronchodiiators 
are used at times. Corticosteroids have been used to reduce inflammation, but they may 
produce significant adverse effects and their benefits are not certain. In extreme cases, lung 
transplantation is sometimes attempted (Marshall, S. et al. (1990) Chest 98:1488), 

Most efforts to develop new therapies for CF have focused on the pulmonary 

1 5 complications. Because CF mucus consists of a high concentration of DNA, derived from 
lysed neutrophils, one approach has been to develop recombinant human DNase (Shak, S. et 
al. (1990) Proc. Natl Set Acad USA 87:9188). Preliminary reports suggest that aerosolized 
enzyme may be effective in reducing the viscosity of mucus. This could be helpfid in 
clearing the airways of obstruction and perhaps in reducing infections. In an attempt to limit 

20 damage caused by an excess of neutrophil derived elastase, protease inhibitors have been 

tested. For example, alpha- 1 -antitrypsin purified from human plasma has been aerosolized to 
deliver enzyme activity to lungs of CF patients (McElvaney, N. et al. (1991) The Lancet 
337:392). Another approach would be the use of agents to inhibit the action of oxidants 
derived from neutrophils. Although biochemical parameters have been successfully 

25 measured, the long term beneficial effects of these treatments have not been established. 

Using a different rationale, other investigators have attempted to use pharmacological 
agents to reverse the abnormally decreased chloride secretion and increased sodium 
absorption in CF airways. Defective electrolyte transport by airway epithelia is thought to 
alter the composition of the respiratory secretions and mucus (Boat, T.F. et al. in The 

30 Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York 
(1989); Quinton, P.M. (1990) FASEBJ. 4:2709-2717). Hence, pharmacological treatments 
aimed at correcting the abnormalities in electrolyte transport could be beneficial. Trials are in 
progress with aerosolized versions of the drug amiloride; amiloride is a diuretic that inhibits 
sodiimi chaimels, thereby inhibiting sodium absorption. Initial results indicate that the drug 

35 is safe and suggest a slight change in the rate of disease progression, as measured by lung 

function tests (Knowles, M. el al. (1990) N Eng. J. Med 322: 1 189-1 194; App, E.(1990) Am, 
Rev. Respin Dis. 141 :605). Nucleotides, such as ATP or UTP, stimulate purinergic receptors 
in the airway epithelium. As a result, they open a class of chloride channel that is different 
from CFTR chloride channels. In vitro studies indicate that ATP and UTP can stimulate 
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chloride secretion (Knowles, M. et al. (1991) A^. Eng, J, Med, 325:533). Preliminary trials to 
test the ability of nucleotides to stimulate secretion in vivOy and thereby correct the electrolyte 
transjDort abnormalities are underway. 

Despite progress in therapy, cystic fibrosis remains a lethal disease, and no current 
5 therapy treats the basic defect. However, two general approaches may prove feasible. These 
are: 1) protein replacement therapy to deliver the wild type protein to patients to augment 
their defective protein, and; 2) gene replacement therapy to deliver wild type copies of the CF 
associated gene. Since the most life threatening manifestations of CF involve pulmonary 
complications, epithelial cells of the upper airways are appropriate target cells for therapy. 

1 0 The feasibility of gene therapy has been established by introducing a wild type cDNA 

into epithelial cells from a CF patient and demonstrating complementation of the hallmark 
defect in chloride ion transport (Rich, D.P. et al. (1990) Nature 347:358-363 ). This initial 
work involved cells in tissue culture, however, subsequent work has shown that to deliver the 
gene to the airways of whole animals, defective adenoviruses may be useful (Rosenfeld, 

15 (1992) Cell 68:143-155). However, the safety and effectiveness of using defective 
adenoviruses remain to be demonstrated. 

Summary of the Invention 

In general, the instant invention relates to vectors for transferring selected genetic 

20 material of interest (e.g., DNA or RNA) to cells in vivo. In preferred embodunents, the 

vectors are adenovirus-based. Advantages of adenovirus-based vectors for gene therapy are 
that they appear to be relatively safe and can be manipulated to encode the desired gene 
product and at the same time are inactivated in terms of their ability to replicate in a normal 
lytic viral life cycle. Additionally, adenovirus has a natural tropism for airway epithelia. 

25 Therefore, adenovirus-based vectors are particularly preferred for respiratory gene therapy 
applications such as gene therapy for cystic fibrosis. 

In one embodiment, the adenovuiis-based gene therapy vector comprises an 
adenovirus 2 serotype genome in which the Ela and Elb regions of the genome, which are 
involved in early stages of viral replication have been deleted and replaced by genetic 

30 material of interest (e.g., DNA encoding the cystic fibrosis transmembrane regulator protein). 

In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus 
(PAV). PAVs contain no potentially harmful viral genes, have a theoretical capacity for 
foreign material of nearly 36 kb, may be produced in reasonably high titers and maintain the 
tropism of the parent adenovirus for dividing and non-dividing himian target cell types. 

35 PAVs comprise adenovirus inverted terminal repeats and the minimal sequences of a wild- 
type adenovirus type 2 genome necessary for efficient replication and packaging by a helper 
virus and genetic material of interest. In a preferred embodiment, the PAV contains 
adenovirus 2 sequences. 
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In a further embodiment, the adenovirus-based gene therapy vector contains the open 
reading frame 6 (0RF6) of adenoviral early region 4 (E4) from the E4 promoter and is 
deleted for all other E4 open reading frames. Optionally, this vector can include deletions in 
the El and/or E3 regions. Alternatively, the adenovirus-based gene therapy vector contains 
5 the open reading frame 3 (0RF3) of adenoviral E4 from the E4 promoter and is deleted for all 
other E4 open reading frames. Again, optionally, this vector can include deletions in the El 
and/or E3 regions. The deletion of non-essential open reading frames of E4 increases the 
cloning capacity by approximately 2 kb without significantly reducing the viability of the 
virus in cell culture. In combination with deletions in the El and/or E3 regions of adenovirus 
10 vectors, the theoretical insert capacity of the resultant vectors is increased to 8-9 kb. 

The invention also relates to methods of gene therapy using the disclosed vectors and 
genetically engineered cells produced by the method. 

Brief Description of the Tables an d Drawings 
15 Further understanding of the invention may be had by reference to the tables and 

figures wherein: 

Table I shows CFTR mutants wherein the known association with CF (Y, yes or N, 
no), exon localization, domam location and presence (+) or absence (-) of bands A, B, and C 
20 of mutant CFTR species is shown. TM6, indicates transmembrane domain 6; NBD 

nucleotide binding domam; BCD, extracellular domain and Term, termination at 21 codons 
past residue 1337; 

Table II shows the nucleotide sequence of Ad2/CFTR-1; 

25 

Table III depicts a nucleotide analysis of Ad2-ORF6/PGK-CFTR; 

The convention for naming mutants is first ihe amino acid normally found at the 
pMticular residue, the residue number (Riordan, T.R. et al. (1989) Science 245:1066-1 073), 
30 and the amino acid to which the residue was converted. The single letter amino acid code is 
used: D, aspartic acid; F, phenylalanine; G, glycine; I, isoleucine; K, lysine; M, methionine; 
N, asparagine; Q, glutamine; R, arginine; S, serine; W, tryptophan. Thus 055 ID is a mutant 
in which glycine 551 is converted to aspartic acid; 

35 Figure 1 shows alignment of CFTR partial cDNA clones used in construction of 

cDNA containing complete coding sequence of the CFTR, only restriction sites relevant to 
the DNA constructions described below are shown; 

Figure 2 depicts plasmid construction of the CFTR cDNA clone pKK-CFTRl; 
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Figure 3 depicts plasmid construction of the CFTR cDNA clone pKK-CFTR2; 
Figure 4 depicts plasmid construction of the CFTR cDNA clone pSC-CFTR2; 

5 

Figure 5 shows a plasmid map of the CFTR cDNA clone pSC-CFTR2; 

Figure 6 shows the DNA sequence of synthetic DNAs used for insertion of an intron 
into the CFTR cDNA sequence, with the relevant restriction endonuclease sites and 
1 0 nucleotide positions noted; 



Figures 7 A and 7B depict plasmid construction of the CFTR cDNA clone pKK- 
CFTR3; 

1 5 Figure 8 shows a plasmid map of the CFTR cDNA pKK-CFTR3 containing an intron 

between nucleotides 1716 and 1717; 

Figure 9 shows treatment of CFTR with glycosidases; 

20 Figures 1 OA and lOB show an analysis of CFTR expressed from COS-7 transfected 

cells; 



Figures 1 1 A and 1 IB show pulse-chase labeling of wild type and AF508 mutant 
CFTR m COS-7 transfected cells; 

25 

Figures 12A-12D show immunolocalization of wild type and AF508 mutant CFTR; 
and COS-7 cells transfected with pMT-CFTR or pMT-CFTR-AF508; 

Figure 13 shows an analysis of mutant forms of CFTR; 

30 

Figure 14 shows a map of the first generation adenovirus based vector encoding 
CFTR(Ad2/CFTR.l); 

Figure 15 shows the plasmid construction of the Ad2/CFTR-1 vector; 

35 

Figure 16 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from lung homogenates of cotton rats which received 
Ad2/CFTR-1 . The gel demonstrates that the homogenates were positive for virally-encoded 
CFTRmRNA; 
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Figure 17 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from organ homogenates of cotton rats. The gel demonstrates 
that all organs of the infected rats were negative for Ad2/CFTR with the exception of the 
5 small bowel; 

Figures 18A and 18B show differential cell analyses of bronchoalveolar lavage 
specimens from control and infected rats. These data demonstrate that none of the rats 
treated with Ad2/CFTR-1 had a change in the total or differential white blood cell coxmt 4, 
10 10, and 14 days after infection (Figure 18A) and 3, 7, and 14 days after infection (Figure 
18B); 

Figure 19 shows hematoxilyn and eosin stained sections of cotton rat tracheas from 
both treated and control rats sacrificed at different time points after infection with 
1 5 Ad2/CFTR-1 . The sections demonstrate that there were no observable differences between 
the treated and control rats; 

Figures'20A and 20B show examples of UV fluorescence from an agarose gel 
electrophoresis, stained with ethidium bromide, of products of RT-PCR from nasal brushings 
20 of Rhesus monkeys after application of Ad2/CFTR-1 or Ad2/p-Gal; 

Figure 21 shows lights microscopy and immunocytochemistry from monkey nasal 
brushings. The microscopy revealed that there was a positive reaction when nasal epithelial 
cells from monkeys exposed to Ad2/CFTR-1 were stained with antibodies to CFTR; 

25 

Figure 22 shows immunocytochemistry of monkey nasal turbinate biopsies. This 
microscopy reveals increased immunofluorescence at the apical membrane of the surface 
epithelium from biopsies obtained from monkeys treated with Ad2/CFTR-1 over that seen at 
the apical membrane of the surface epithelium from biopsies obtained from control monkeys; 

30 

Figures 23 A-23D show serum antibody titers in Rhesus monkeys after three vector 
administrations. These graphs demonstrate that all three monkeys treated with Ad2/CFTR-1 
developed antibodies against adenovirus; 

35 Figure 24 shows hematoxilyn and eosin stained sections from monkey medial 

turbinate biopsies. These sections demonstrate that turbinate biopsy specimens from control 
monkeys could not be differentiated from those from monkeys treated with Ad2/CFTR-1 
when reviewed by an independent pathologist; 
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Figures 25A-25I show photomicrographs of human nasal mucosa immediately before, 
during, and after Ad2/CFTR-1 application. These photomicrographs demonstrate that 
inspection of the nasal mucosa showed mild to moderate erythema, edema, and exudate in 
patients treated with Ad2/CFTR-1 (Figures 25A-25C) and in control patients (Figures 25G- 
5 251). These changes were probably due to local anesthesia and vasocontriction because when 
an additional patient was exposed to Ad2/CFTR in a method which did not require the use of 
local anesthesia or vasoconstriction, there were no symptoms and the nasal mucosa appeared 
normal (Figures 25D-25F); 

1 0 Figure 26 shows a photomicrograph of a hematoxilyn and eosin stained biopsy of 

human nasal mucosa obtained from the third patient three days after Ad2/CFTR-1 
administration. This section shows a morphology consistent with CF, i.e., a thickened 
basement membrane and occasional morphonuclear cells in the submucosa, but no 
abnormalities that could be attributed to the adenovirus vector; 

15 

Figure 27 shows transepithelial voltage (V^) across the nasal epithelium of a normal 
human subject. Amiloride (pM) and terbutaline (jxM) were perfiised onto the mucosal 
surface beginning at the times indicated. Under basal conditions (V^ was electrically 
negative. Perfusion of amiloride onto the mucosal surface inhibited (Vf) by blocking apical 
20 Na"*" channels; 

Figures 28A and 28B show transepithelial voltage (V{) across the nasal epithelixmi of 
normal human subjects (Figure 28A) and patients with CF (Figure 28B). Values were 
obtained under basal conditions, during perfiision with amiloride (|iM), and during perfiision 
25 of amiloride plus terbutaline (nM) onto the mucosal surface. Data are from seven normal 
subjects and nine patients with CF. In patients with CF, (V|) was more electrically negative 
than in normal subjects (Figure 28B). Amiloride inhibited (V^ in CF patients, as it did in 
normal subjects. However, failed to hyperpolarize when terbutaline was perfused onto the 
epithelium in the presence of amiloride. Instead, (Vt) either did not change or became less 
* 30 negative, a result very different from that observed in normal subjects; 

Figures 29A and 29B show transepithelial voltage (Vt) across the nasal epithelium of 
a third patient before (Figure 29A) and after (Figure 29B) administration of approximately 
25 MOI of Ad2/CFTR-1. Amiloride and terbutaline were perfused onto the mucosal surface 
35 beginning at the times indicated. Figure 29A shows an example from the third patient before 
treatment. Figure 29B shows that in contrast to the response before Ad2/CFTR-1 was 
applied, after virus replication, in the presence of amiloride, terbutaline stimulated V^; 
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Figures 30A-30F show the time of course changes in transepithelial electrical 
properties before and after administration of Ad2/CFTR-1 . Figures 30A and SOB are from 
the first patient who received approximately 1 MOI; Figures 30C and 30D are from the 
second patient who received approximately 3 MOI; and Figures 30E and 30F are from the 
5 third patient who received approximately 25 MOI. Figures 30A, 30C, and 30E show values 
of basal transeptithelial voltage (V{) and Figures 30B, 30D, and 30F show the change in 
transepithelial voltage (AV^ following perfusion of terbutaline in the presence of amiloride. 
Day zero indicates the day of Ad2/CFTR-1 administration. Figures 30A, 30C, and 30E show 
the time course of changes in basal V{ for all three patients. The decrease in basal V{ 
1 0 suggests that application of Ad2/CFTR-1 corrected the CF electrolyte transport defect in 
nasal epithelium of all three patients. Additional evidence came from an examination of the 
response to terbutaline. Figures 30B, 30D, and 30F show the time course of the response. 
These data indicate that Ad2/CFTR-1 corrected the CF defect in CI" transport; 

15 Figure 3 1 shows the time course of changes in transepithelial electrical properties 

before and after administration of saline instead of Ad2/CFTR-1 to CF patients. Day zero 
indicates the time of mock administration. The top graph shows basal transepithelial voltage 
(Vt) and the bottom graph shows the change in transepithelial voltage following perfusion 
with terbutaline in the presence of amiloride (AVt). Closed symbols are data from two 

20 patients that received local anesthetic/vasoconstriction and placement of the applicator for 
thirty minutes. Open symbol is data from a patient that received local 
anesthetic/vasoconstriction, but not placement of the applicator. Symptomatic changes and 
physical findings were the same as those observed in CF patients treated with a similar 
administration procedure and Ad2/CFTR-1; 

25 

Figure 32 shows a map of the second generation adenovirus based vector, PAV; 

Figure 33 shows the plasmid construction of a second generation adenoviral vector 6 
(AdE4 0RF6); 

• 30 

Figure 34 is a schematic of Ad2-ORF6/PGK-CFTR which differs from Ad2/CFTR in 
that the latter utilized the endogenous Ela promoter, had no poly A addition signal directly 
downstream of CFTR and retained an intact E4 region; 

35 Figure 35 shows short-circuit currents from human CF nasal polyp epithelial cells 

infected with Ad2-ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. At the indicated 
times: (1) 10 ^M amiloride, (2) cAMP agonists (10 ^iM forskolin and 100 ^iM IBMX, and (3) 
1 mM diphenylamine-2-carboxylate were added to the mucosal solution; 
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Figures 36A-36D show iminunocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey C, before infection (36A) and on 7 days (36B); 24 (36C); 
and 38 (36D) after the first infection with Ad2-ORP6/PGK-CFTR; 

Figures 37A-37D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of Rhesus monkey D, before infection (3 7 A) and on days 7 (37B); 24 (37C); and 
48 (37D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 38A-38D show immunocj^ochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey E, before infection (38A) and on days 7 (38B); 24 (38C); 
and 48 (38D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 39A-39C show summaries of the clinical signs (or lack thereof) of infection 
with Ad2-ORF6/PGK-CFTR; 

Figures 40A-40C shows a summary of blood counts, sedimentation rate, and clinical 
chemistries after infection with Ad2-ORF6/PGK-CFTR for monkeys C, D, and E. There was 
no evidence of a systemic inflammatory response or other abnormalities of the clinical 
chemistries; 

Figure 41 shows summaries of white blood cells counts in monkeys C, D, and E after ' 
infection with Ad2"ORF6/PGK-CFTR. These date indictate that the administration of Ad2- 
0RF6/PGK-CFTR caused no change in the distribution and number of inflammatory cells at 
any of the time points following viral administration; 

Figure 42 shows histology of submucosal biopsy performed on Rhesus monkey C on 
day 4 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 43 shows histology of submucosal biopsy performed on Rhesus monkey D on 
day 1 1 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 44 shows histology of submucosal biopsy performed on Rhesus monkey E on 
day 18 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; and 
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Figures 45A-45C show antibody titers to adenovirus prior to and after the first and second 
administrations of Ad2-ORF6/PGK-CFTR. Prior to administration of Ad2-ORF6/PGK- 
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CFTR, the monkeys had received mstillations of Ad2/CFTR-1 . Antibody titers measured by 
ELISA rose within one week after the first and second administrations of Ad2-ORF6/PGK- 
CFTR. Serum neutralizing antibodies also rose within a week after viral administration and 
peaked at day 24. No anti-adenoviral antibodies were detected by ELISA or neutralizing 
assay in nasal washings of any of the monkeys. 

Detailed Description and Best Mode 

Ggne Thgrapy 

As used herein, the phrase "gene therapy" refers to the transfer of genetic material 
(e.g., DNA or RNA) of interest into a host to treat or prevent a genetic or acquired disease or 
condition. The genetic material of interest encodes a product (e.g., a protein polypeptide, 
peptide or fimctional RNA) whose production in vivo is desired. For example, the genetic 
material of interest can encode a hormone, receptor, enzyme or (poly) peptide of therapeutic 
value. Examples of genetic material of interest include DNA encoding: the cystic fibrosis 
transmembrane regulator (CFTR), Factor Vni, low density lipoprotein receptor, beta- 
galactosidase, alpha-galactosidase, beta-glucocerebrosidase, insulin, parathyroid hormone, 
and alpha- 1 -antitrypsin. 

Although the potential for gene therapy to treat genetic diseases has been appreciated 
for many years, it is only recently that such approaches have become practical with the 
treatment of two patients with adenosine deamidase deficiency. The protocol consists of 
removing lymphocytes from the patients, stimulating them to grow in tissue culture, infecting 
them with an appropriately engineered retrovirus followed by reintroduction of the cells into 
the patient (Kantoff, P. et al. (1987) J, Exp. Med 166:219). Initial results of treatment are 
very encouraging. With the approval of a number of other human gene therapy protocols for 
limited clinical use, and with the demonstration of the feasibility of complementing the CF 
defect by gene transfer, gene therapy for CF appears a very viable option. 

The concept of gene replacement therapy for cystic fibrosis is very simple; a 
preparation of CFTR coding sequences in some suitable vector in a viral or other carrier 
delivered directly to the airways of CF patients. Since disease of the pulmonary airways is 
the major cause of morbidity and is responsible for 95% of mortality, airway epithelial cells 
are preferred target cells for CF gene therapy. The first generation of CF gene therapy is 
likely to be transient and to require repeated delivery to the airways. Eventually, however, . 
gene therapy may offer a cure for CF when the identity of the precursor or stem cell to air 
epithelial cells becomes known. If DNA were incorporated into airway stem cells, all 
subsequent generations of such cells would make authentic CFTR from the integrated 
sequences and would correct the physiological defect almost irrespective of the biochemical 
basis of the action of CFTR. 
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Although simple in concept, scientific and clinical problems face approaches to gene 
therapy, not least of these being that CF requires an in vivo approach while all gene therapy 
treatments in humans to date have involved ex vivo treatment of cells taken from the patient 
followed by reintroduction. 
5 One major obstacle to be overcome before gene therapy becomes a viable treatment 

approach for CF is the development of appropriate vectors to infect tissue manifesting the 
disease and deliver the therapeutic CFTR gene. Since viruses have evolved very efficient 
means to introduce their nucleic acid into cells, many approaches to gene therapy make use of 
engineered defective viruses. However, the use of viruses in vivo raises safety concerns. 
1 0 Although potentially safer, the use of simple DN A plasmid constructs containing minimal 
additional DNA, on the other hand, is often very ineflBcient and can result in transient protein 
expression. 

The integration of introduced DNA into the host chromosome has advantages in that 
such DNA will be passed to daughter cells. In some circumstances, integrated DNA may 

1 5 also lead to high or more sustained expression. However, integration often, perhaps always, 
requires cellular DNA replication in order to occur. This is certainly the case with the present 
generation of retroviruses. This limits the use of such viruses to circumstances where cell 
division occurs in a high proportion of cells. For cells cultured in vitrOy this is seldom a 
problem, however, the cells of the airway are reported to divide only infrequently 

20 (Kawanami, O. et al. (1979) An, Rev, Respir. Dis. 120:595). The use of retroviruses in CF 
will probably require damaging the airways (by agents such as SO2 or O3) to induce cell 
division. This may prove impracticable in CF patients. 

Even if efficient DNA integration could be achieved using viruses, the human genome 
contains elements involved in the regulation of cellular growth only a small fraction of which 

25 are presently identified. By integrating adjacent to an element such as a proto-oncogene or an 
anti-oncogene, activation or inactivation of that element could occur leading to uncontrolled 
growth of the altered cell. It is considered likely that several such activation/inactivation 
steps are usually required in any one cell to induce uncontrolled proliferation (R.A. Weinberg 
(1989) Cancer Research 49:3713 ), which may reduce somewhat the potential risk. On the 

30 other hand, insertional mutagenesis leading to tumor formation is certainly known in animals 
with some nondefective retroviruses (R.A. Weinberg, supra\ Payne, G.S. et al. (1982) Nature 
295:209), and the large numbers of potential integrations occurring during the lifetime of a 
patient treated repeatedly in vivo with retroviruses must raise concerns on the safety of such a 
procedure. 

35 In addition to the potential problems associated with viral DNA integration, a number 

of additional safety issues arise. Many patients may have preexisting antibodies to some of 
the viruses that are candidates for vectors, for example, adenoviruses. In addition, repeated 
use of such vectors might induce an immime response. The use of defective viral vectors 
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may alleviate this problem somewhat, because the vec ors will not lead to productive viral 
life cycles generating infected cells, cell lysis or large amnbers of progeny viruses. 

Other issues associated with the use of viruses are the possibility of recombination 
with related viruses naturally infecting the treated patient, complementation of the viral 
5 defects by simultaneous expression of wild type virus proteins and containment of aerosols of 
the engineered viruses. 

Gene therapy approaches to CF will face many of the same clinical challenges at 
protein therapy. These include the inaccessibility of airway epithelium caused by mucus 
build-up and the hostile nature of the envu'onment in CF airways which may inactivate 
10 viruses/vectors. Elements of the vector carriers may be immunogenic and introduction of the 
DNA may be inefficient. These problems, as with protein therapy, are exacerbated by the 
absence of a good animal model for the disease nor a simple clinical end point to measure the 
efficacy of treatment. 

15 CF Gene Th erapy Vectors - Possible Options 

Retroviruses - Although defective retroviruses are the best characterized system and 
so far the only one approved for use in human gene therapy (Miller, A.D. (1990) Blood 
76:271), the major issue in relation to CF is the requirement for dividing cells to achieve 
20 DNA integration and gene expression. Were conditions foxmd to induce airway cell division, 
the in vivo application of retroviruses, especially if repeated over many years, would 
necessitate assessment of the safety aspects of insertional mutagenesis in this context. 

Adeno-Associated Virus - (AAV) is a naturally occurring defective virus that requires 
25 other viruses such as adenoviruses or herpes viruses as helper viruses(Muzyczka, N. (1 992) in 
Current Topics in Microbiology and Immunology 158:97). It is also one of the few viruses 
that may integrate its DNA into non-dividing cells, although this is not yet certain. Vectors 
containing as little as 300 base pairs of AAV can be packaged and can integrate, but space for 
exogenous DNA is limited to about 4.5 kb. CFTR DNA may be towards the upper limit of 
30 packaging. Furthermore, the packaging process itself is presently inefficient and safety issues 
such as immunogenecity, complementation and containment vnl\ also apply to AAV. 
Nevertheless, this system is sufficiently promising to warrant further study. 

Plasmid DNA - Naked plasmid can be introduced into muscle cells by injection into 
35 the tissue. Expression can extend over many months but the number of positive cells is low 
(Wolff, J. et al. (1989) Science 247:1465). Cationic lipids aid introduction of DNA into some 
cells in culture (Feigner, P. and Ringold, G.M. (1989) Nature 337:387). Injection of cationic 
lipid plasmid DNA complexes into the circulation of mice has been shown to result in 
expression of the DNA in lung (Brigham, K. et al. (1989) Am. J. Med, Sci. 298:278). 
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Instillation of cationic lipid plasmid DNA into lung also leads to expression in epithelial cells 
but the efficiency of expression is relatively low and transient (Hazinski, T.A. et al. (1991) 
Am, J. Respir., Cell Mol Biol 4:206). One advantage of the use of plasmid DNA is that it 
can be introduced into non-replicating ceils. However, the use of plasmid DNA in the CF 
5 airway environment, which already contains high concentrations of endogenous DNA may be 
problematic. 

Recq)tor Mediated Entry - In an effort to improve the efficiency of plasmid DNA 
uptake, attempts have been made to utilize receptor-mediated endocytosis as an entry 

10 mechanisms and to protect DNA in complexes with polylysine (Wu, G. and Wu, C.H. (1988) 
J. Biol Chem, 263:14621). One potential problem with this approach is that the incoming 
plasmid DNA enters the pathway leading from endosome to lysosome, where much incoming 
material is degraded. One solution to this problem is the use of transferrin DNA-polylysine 
complexes linked to adenovirus capsids (Curiel, D.T. et al. (1991) Proc. Natl, Acad Sci. USA 

15 88:8850). The latter enter efficiently but have the added advantage of naturally disrupting the 
endosome thereby avoiding shuttling to the lysosome. This approach has promise but at 
present is relatively transient and suffers from the same potential problems of 
immunogenicity as other adenovirus based methods. 



20 Adenovirus - Defective adenoviruses at present appear to be a promising approach to 

CF gene therapy (Berkner, K.L. (1988) BioTechniques 6:616). Adenovirus can be 
manipulated such that it encodes and expresses the desired gene product, (e.g., CFTR), and at 
the same time is inactivated in terms of its ability to repUcate in a normal lytic viral life cycle. 
In addition, adenovirus has a natural tropism for airway epithelia. The viruses are able to 

25 infect quiescent cells as are found in the airways, offering a major advantage over 

retroviruses. Adenovirus expression is achieved without integration of the viral DNA into the 
host cell chromosome, thereby alleviating concerns about insertional mutagenesis. 
Furthermore, adenoviruses have been used as live enteric vaccines for many years with an 
excellent safety profile (Schwartz, A.R. et al. {\91A)Am, Rev. Respir. Dis. 109:233-238). 

30 Finally, adenovirus mediated gene transfer has been demonstrated in a number of instances 
including transfer of alpha- 1 -antitrypsin and CFTR to the lungs of cotton rats (Rosenfeld, 
M.A. et al. (1991) Science 252:431-434; Rosenfeld et al., (1992) Cell 68:143-155). 
Furthermore, extensive studies to attempt to establish adenovirus as a causative agent in 
human cancer were uniformly negative (Green, M. et al, (1979) Proc, Natl Acad, Sci, USA 

35 76:6606). 

The following properties would be desirable in the design of an adenovirus vector to 
transfer the gene for CFTR to the airway cells of a CF patient. The vector should allow 
sufficient expression of the CFTR, while producing minimal viral gene expression. There 
should be minimal viral DNA replication and ideally no virus replication. Finally, 
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recombination to produce new viral sequences and complementation to allow growth of the 
defective virus in the patient should be minimized. A first generation adenovirus vector 
encoding CFTR (Ad2/CFTR), made as described in the following Example 7, achieves most 
of these goals and was used in the human trials described in Example 10. 
5 Figure 14 shows a map of Ad2/CFTR-I . As can be seen from the figure, this first 

generation virus includes viral DNA derived from the common relatively benign adenovirus 2 
serotype. The Ela and Elb regions of the viral genome, which are involved in early stages of 
viral replication have been deleted. Then- removal impairs vh-al gene expression and viral 
replication. The protein products of these genes also have immortalizing and transforming 

1 0 function in some non-permissive cells. 

The CFTR coding sequence is inserted into the vu-al genome in place of the Ela/Elb 
region and transcription of the CFTR sequence is driven by the endogenous Ela promoter. 
This is a moderately strong promoter that is functional in a variety of cells. In contrast to 
some adenovirus vectors (Rosenfeld, M. et al. (1992) Cell 68:143), this adenovirus retains 

15 the E3 viral coding region. As a consequence of the inclusion of E3, the length of the 

adenovirus-CFTR DNA is greater than that of the wild-type adenovirus. The greater length 
of the recombinant viral DNA renders it more difficult to package. This means that the 
growth of the Ad2/CFTR virus is impaired even in permissive cells that provide the missing 
Ela and Elb functions. 

20 The E3 region of the Ad2/CFTR-1 encodes a variety of proteins. One of these 

proteins, gpl9, is believed to interact with and prevent presentation of class 1 proteins of the 
major histocompatability complex (MHC) (Gooding, C.R. and Wold, W.S.M. (1990) Crit. 
Rev. Immunol. 10:53). This property prevents recognition of the infected cells and thus may 
allow viral latency. The presence of E3 sequences, therefore, has two useful attributes; first, 

25 the large size of the viral DNA renders it doubly defective for replication (i.e., it lacks early 
functions and is packaged poorly) and second, the absence of MHC presentation could be 
useful in later applications of Ad2/CFTR-1 in gene therapy involving multiple 
administrations because it may avoid an inmiune response to recombinant virus containing 
cells. 

. 30 Not only are there advantages associated with the presence of E3 ; there may be 

disadvantages associated with its absence. Studies of E3 deleted virus in animals have 
suggested that they result in a more severe pathology (Gingsberg, H.S. et al. (1989) Proc. 
Natl Acad. ScL (USA) 86:3823). Furthermore, E3 deleted virus, such as might be obtained 
by recombination of an El plus E3 deleted virus with wild-type virus, is reported to outgrow 
35 wild-type in tissue culture (Barkner, K.L. and Sharp, P. (1 983) Nucleic Acids Research 
1 1 :6003). By contrast, however, a recent report of an E3 replacement vector encoding 
hepatitis B surface antigen, suggests that when delivered as a live enteric vaccine, such a 
virus replicates poorly in himian compared to wild-type. 
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The adenovirus vector.(Ad2/CFTR-l) and a related virus encoding the marker p- 
galactosidase (Ad2/p-gal) have been constructed and grown in human 293 cells. These cells 
contain the El region of adenovirus and constitutively express Ela and Elb, which 
complement the defective adenoviruses by providing the products of the genes deleted from 
5 the vector. Because the size of its genome is greater than that of wild-type virus, Ad2/CFTR 
is relatively difScult to produce. 

The Ad2/CFTR-1 virus has been shown to encode CFTR by demonstrating the 
presence of the protein in 293 cells. The Ad2/p-gal virus was shown to produce its protein in 
a variety of cell lines grown in tissue culture including a monkey bronchiolar cell line 
1 0 (4MBR-5), primary hamster tracheal epithelial cells, human HeLa, human CF PAC cells (see 
Example 8) and airway epithelial cells from CF patients (Rich, O. et al. (1990) Nature 
347:358). 

Ad2/CFTR-1 is constructed from adenovirus 2 (Ad2) DNA sequences. Other 
varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) may also prove useful as gene therapy 
1 5 vectors. This may prove essential if immune response against a single serotype reduces the 
efifectiveness of the therapy. 

Second Generation Adenoviral Vectors 

Adenoviral vectors currently in use retain most (> 80%) of the parental viral genetic 
20 material leaving their safety untested and in doubt. Second-generation vector systems 
containing minimal adenoviral regulatory, packaging and replication sequences have 
therefore been developed. 

Pseudo- Adenovirus Vectors fPA V VPAVs contain adenovirus inverted terminal 
25 repeats and the minimal adenovirus 5' sequences required for helper virus dependent 

replication and packaging of the vector. These vectors contain no potentially harmful viral 
genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in 
reasonably high titers and maintain the tropism of the parent virus for dividing and non- 
dividing human target cell types. 
30 The PAV vector can be maintained as either a plasmid-bome construct or as an 

infectious viral particle. As a plasmid construct, PAV is composed of the minimal sequences 
from wild type adenovirus type 2 necessary for efficient replication and packaging of these 
sequences and any desired additional exogenous genetic material, by either a wild-type or 
defective helper virus. 

35 Specifically, PAV contains adenovirus 2 (Ad2) sequences as shown in Figure 1 7, 

from nucleotide (nt) 0-356 forming the 5* end of the vector and the last 109 nt of Ad2 
forming the 3' end of the construct. The sequences includes the Ad2 flanking inverted 
terminal repeats (5'ITR) and the 5* ITR adjoining sequences containing the known packaging 
signal and Ela enhancer. Various convenient restriction sites have been incorporated into the 
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fragments, allowing the insertion of promoter/gene cassettes which can be packaged in the 
PAV virion and used for gene transfer (e.g. for gene therapy). The construction and 
propagation of PAV is described in detail in the following Example 11 . By not containing 
most native adenoviral DNA, the PAVs described herein are less likely to produce a patient 
5 inunune reponse or to replicate in a host. 

In addition, the PAV vectors can accomodate foreign DNA up to a maximum length 
of nearly 36 kb. The PAV vectors therefore, are especially useful for cloning larger genes 
(e.g., CFTR (7.5 kb)); Factor VIII (8 kb); Factor DC (9 kb)), which, traditional vectors have 
difficulty accomodating. In addition, PAV vectors can be used to transfer more than one 
1 0 gene, or more than one copy of a particular gene. For example, for gene therapy of cystic 
fibrosis, PAVs can be used to deliver CFTR in conjunction with other genes such as anti 
proteases (e.g., antiprotease alpha- 1 -antitrypsin) tissue inhibitor of metaloproteinase, 
antioxidants (e.g., superoxide dismutase), enhancers of local host defense (e.g., interferons), 
mucolytics (e.g., DNase); and proteins which block inflammatory cytokines. 

15 

Ad2-E4/QRF6 A toovirus VgfitQrs 

An adenoviral construct expressing only the open reading frame 6 (0RF6) of 
adenoviral early region 4 (E4) from the E4 promoter and which is deleted for all other known 
E4 open reading frames was constructed as described in detail in Example 12. Expression of 

20 E4 open reading frame 3 is also sufficient to provide E4 functions required for DNA 

replication and late protein synthesis. However, it provides these functions with reduced 
efficiency compared to expression of 0RF6, which will likely result in lower levels of virus 
production. Therefore expressing 0RF6, rather than 0RF3, appears to be a better choice for 
producing recombinant adenovirus vectors. 

25 The E4 region of adenovirus is suspected to have a role in viral DNA replication, late 

mRNA synthesis and host protein synthesis shut off, as well as in viral assembly (Falgout, B. 
and G. Ketner (1987) 1 Virol 61:3759-3768). Adenovirus early region 4 is required for 
efficient virus particle assembly. Adenovirus early region 4 encodes functions required for 
efficient DNA replication, late gene expression, and host cell shutoff. Halbert, D.N. et al. 

30 (1 985) J. Virol 56:250-257. 

The deletion of non-essential open reading frames of E4 increases the cloning 
capacity of recombinant adenovirus vectors by approximately 2 kb of insert DNA without 
significantly reducing the viability of the virus in cell culture. When placed in combination 
with deletions in the El and/or E3 regions of adenovirus vectors, the theoretical insert 

35 capacity of the resultant vectors is increased to 8-9 kb. An example of where this increased 
cloning capacity may prove useful is in the development of a gene therapy vector encoding 
CFTR. As described above, the first generation adenoviral vector approaches the maximum 
packaging capacity for viral DNA encapsidation. As a result, this virus grows poorly and 
may occassionaly give rise to defective progeny. Including an E4 deletion in the adenovirus 
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vector should alleviate these problems. In addition, it allows flexibility in the choice of 
promoters to drive CFTR expression from the virus. For example, strong promoters such as 
the adenovirus major late promoter, the cytomegalovirus immediate early promoter or a 
cellular promoter such as the CFTR promoter, which may be too large for first-generation 
5 adenovirus can be used to drive expression. 

In addition, by expressing only 0RF6 of E4, these second generation adenoviral 
* vectors may be safer for use in gene therapy. Although 0RF6 expression is sufficient for 

viral DNA replication and late protein synthesis in immortalized cells, it has been suggested 
that ORF6/7 of E4 may also be required in non-dividing primary cells (Hemstrom, C. et al. 

10 (1991) 1 Virol 65:1440-1449). The 19 kD protein produced from open reading frame 6 and 
7 (ORF6/7) complexes with and activates cellular transcription factor E2F, which is required 
for maximal activation of early region 2. Early region 2 encodes proteins required for viral 
DNA replication. Activated transcription factor E2F is present in proliferating cells and is 
involved in the expression of genes required for cell proliferation (e.g., DHFR, c-myc), 

15 whereas activated E2F is present in lower levels in non-proliferating cells. Therefore, the 
expression of only 0RF6 of E4 should allow the virus to replicate normally in tissue culture 
cells (e.g., 293 cells), but the absence of ORF6/7 would prevent the potential activation of 
transcription factor E2F in non-dividing primary celUs and thereby reduce the potential for 
viral DNA replication. 

20 

Target Tissue 

Because 95% of CF patients die of lung disease, the lung is a preferred target for gene 
therapy. The hallmark abnormality of the disease is defective electrolyte transport by the 
epithelial cells that line the airways. Numerous investigators (reviewed in Quinton, F. (1990) 

25 FASEB J. 4:2709) have observed: a) a complete loss of cAMP-mediated transepithelial 
chloride secretion, and b) a two to three fold increase in the rate of Na+ absorption. cAMP- 
stimulated chloride secretion requires a chloride channel in the apical membrane (Welsh, M.J. 
(I9i7) Physiol Rev. 67:1143-1184). The discovery that CFTR is a phosphorylation-regulated 
chloride channel and that the properties of the CFTR chloride channel are the same as those 

30 of the chloride channels in the apical membrane, indicate that CFTR itself mediates 

transepithelial chloride secretion. This conclusion was supported by studies localizing CFTR 
in lung tissue: CFTR is located in the apical membrane of airway epithelial cells (Denning, 
G.M. et al. (1992) J. Cell Biol 1 18:551) and has been reported to be present in the 
submucosal glands (Taussig et al., (1973) J, Clin, Invest 89:339). As a consequence of loss 

35 of CFTR function, there is a loss of cAMP-regulated transepithelial chloride secretion. At 
this time it is uncertain how dysfunction of CFTR produces an increase in the rate of Na+ 
absorption. However, it is thought that the defective chloride secretion and increased Na+ 
absorption lead to an alteration of the respiratory tract fluid and hence, to defective 
mucociliary clearance, a normal puhnonary defense mechanism. As a result, clearance of 
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inhaled material from the lung is impaired and repeated infections ensue. Although the 
presumed abnormalities in respiratory tract fluid and mucociliary clearance provide a 
plausible explanation for the disease, a precise understanding of the pathogenesis is still 
lacking. 

5 Correction of the genetic defect in the airway epithelial cells is likely to reverse the 

CF pulmonary phenotype. The identity of the specific cells in the airway epithelium that 
express CFTR cannot be accurately determined by immunocytochemical means, because of 
the low abundance of protein. However, functional studies suggest that the ciliated epithelial 
cells and perhaps nonciliated cells of the surface epithelium are among the main cell types 

1 0 involved in electrolyte transport. Thus, in practical terms, the present preferred target cell for 
gene therapy would appear to be the mature cells that line the pulmonary airways. These are 
not rapidly dividing cells; rather, most of them are nonproliferating and many may be 
terminally differentiated. The identification of the progenitor cells in the airway is uncertain. 
Although CFTR may also be present in submucosal glands (Trezise, A.E. and Buchwald, M. 

15 (1991) Nature 353:434; Englehardt, J.F. et al. (1992) J. Clin. Invest 90:2598-2607), there is 
no data as to its function at that site; furthermore, such glands appear to be relatively 
inaccessible. 

The airway epithelium provides two main advantages for gene therapy. First, access 
to the airway epithelium can be relatively noninvasive. This is a significant advantage in the 
20 . development of delivery strategies and it v/ill allow investigators to monitor the therapeutic 
response. Second, the epithelium forms a barrier between the airway lumen and the 
interstitium. Thus, application of the vector to the lumen will allow access to the target cell 
yet, at least to some extent, limit movement through the epithelial barrier to the interstitium 
and from there to the rest of the body. 

25 

Efficiency of Gene Delivery Required to Correct The Genetic Defect 

It is unlikely that any gene therapy protocol will correct 100% of the cells that 
normally express CFTR. However, several observations suggest that correction of a small 
percent of the involved cells or expression of a fraction of the normal amount of CFTR may 
30 be of therapeutic benefit. 

a. CF is an autosomal recessive disease and heterozygotes have no lung disease. 
Thus, 50% of wild-type CFTR would appear sufficient for normal function. 

35 b. This issue was tested in mixing experiments using CF cells and recombinant 

CF cells expressing wild-type CFTR (Johnson, L.G. et al (1992) Nature Gen, 2:21). The 
data obtained showed that when an epithelium is reconstituted vdth as few as 6-10% of 
corrected cells, chloride secretion is comparable to that observed with an epithelium 
containmg 100% corrected cells. Although CFTR expression in the recombinant cells is 
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probably higher than in normal cells, this result suggests that in vivo correction of all CF 
airway cells may not be required. 

c. Recent observations show that CFTR containing some CF-associated 
5 mutations retains residual chloride channel activity (Sheppard, D.N. et al. (1992) Pediatr, 
Pulmon SuppL 8:250; Strong, T.V. et al. (1991) N, Eng, 1 Med 325:1630). These mutations 
are associated with mild lung disease. Thus, even a very low level of CFTR activity may at 
least partly ameliorate the electrolyte transport abnormalities. 

10 d. As indicated in experiments described below in Example 8, complementation 

of CF epithelia, under conditions that probably would not cause expression of CFTR in every 
cell, restored cAMP stimulated chloride secretion. 

e. Levels of CFTR in normal human airway epithelia are very low and are barely 
1 5 detectable. It has not been detected using routine biochemical techniques such as 

immunoprecipitation or immimoblotting and has been exceedingly difficult to detect with 
immunocytochemical techniques (Denning, G.M. et al. (1992) J. Cell Biol 1 18:551). 
Although CFTR has been detected in some cases using laser-scanning confocal microscopy, 
the signal is at Ae limits of detection and cannot be detected above background in every case. 
20 Despite that minimal levels of CFTR, this small amount is sufficient to generate substantial 
cAMP-stimulated chloride secretion. The reason that a very small number of CFTR chloride 
channels can support a large chloride secretory rate is that a large number of ions can pass 
through a single channel (lO^-lO^ ions/sec) (Hille, B. (1984) Sinauer Assoc. Inc., 
Sunderland, MA 420-426). 

25 

f. Previous studies using quantitative PCR have reported that the airway 
epithelial cells contain at most one to two transcripts per cell (Trapnell, B.C. et al. (1991) 
Proc. Natl Acad Scl USA 88:6565). 

. 30 Gene therapy for CF would appear to have a wide therapeutic index. Just as partial 

expression may be of therapeutic value, overexpression of wdld-type CFTR appears imlikely 
to cause significant problems. This conclusion is based on both theoretical considerations 
and experimental results. Because CFTR is a regulated channel, and because it has a specific 
function in epithelia, it is unlikely that overexpression of CFTR will lead to uncontrolled 
35 chloride secretion. First, secretion woxild require activation of CFTR by cAMP-dependent 
phosphorylation. Activation of this kinase is a highly regulated process. Second, even if 
CFTR chloride channels open in the apical membrane, secretion will not ensue without 
regulation of the basolateral membrane transporters that are required for chloride to enter the 
cell from the interstitial space. At the basolateral membrane, the sodium-potassium-chloride 
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cotransporter and potassium channels serve as important regulators of transeptihelial 
secretion (Welsh, M.J. (1987) Physiol. Rev. 67:1 143-1 184). 

Human CFTR has been expressed in transgenic mice under the control of the 
surfactant protein C(SPC) gene promoter (Whitesett, J.A. et al. (1992) Nature Gen. 2:13) and 
5 the casein promoter (Ditullio, P. et al (1992) Bio/Technology 10:74 ). In those mice, CFTR 
was overexpressed in bronchiolar and alveolar epithelial cells and in the mammaiy glands, 
respectively. Yet despite the massive overexpression in the transgenic animals, there were no 
observable morphologic or functional abnormalities. In addition, expression of CFTR in the 
limgs of cotton rats produced no reported abnormalities (Rosenfeld, M.A. et al. (1992) Cell 
10 68:143-155). 

The present invention is further illustrated by the following examples which in no 
way should be construed as being further limiting. The contents of all cited references 
(including literature references, issued patents, published patent applications, and co-pending 
patent applications) cited throughout this application are hereby expressly incorporated by 
15 reference. 

EXAMPLES 

Example 1 - OcnCTation of Fyll Umh CFTR cPNAs 

20 Nearly all of the commonly used DNA cloning vectors are based on plasmids 

containing modified pMBl replication origins and are present at up to 500 to 700 copies per 
cell (Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press 1989). The partial CFTR cDNA clones isolated by Riordan et al. were 
maintained in such a plasmid. It was postulated that an alternative theory to intrinsic clone 

25 instability to explain the apparent inability to recover clones encoding fiill length CFTR 
protein using high copy number plasmids, was that it was not possible to clone large 
segments of the CFTR cDNA at high gene dosage in JE colL Expression of the CFTR or 
portions of the CFTR from regulatory sequences capable of directing transcription and/or 
translation in the bacterial host cell might result in inviability of the host cell due to toxicity 

30 of the transcript or of the fiill length CFTR protein or fragments thereof This inadvertent 
gene expression could occur from either plasmid regulatory sequences or cryptic regulatory 
sequences within the recombinant CFTR plasmid which are capable of functioning in E, coli. 
Toxic expression of the CFTR coding sequences would be greatly compounded if a large 
number of copies of the CFTR cDNA were present in cells because a high copy nimiber 

35 plasmid was used. If the product was indeed toxic as postulated, the growth of cells 

containing full length and correct sequence would be actively disfavored. Based upon this 
novel hypothesis, the following procedures were undertaken. With reference to Figure 2, 
partial CFTR clone T 16-4.5 was cleaved with restriction enzymes Sph 1 and Pst 1 and the 
resulting 3.9 kb restriction fragment containing exons 1 1 through most of exon 24 (including 
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an imcharacterized 1 19 bp insertion reported by Riordan et aL between nucleotides 1716 and 
1717), was isolated by agarose gel purification and ligated between the Sph 1 and Pst 1 sites 
of the pMBl based vector pkk223-3 (Brosius and Holy, (1984) Proc. Natl Acad Sci. 
£1:6929). It was hoped that the pMBl origin contained within this plasmid would allow it 
5 and plasmids constructed fi-om it to replicate at 1 5-20 copies per host E. coli cell (Sambrook 
et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 
1 989). The resultant plasmid clone was called pkk-4.5. 

Partial CFTR clone Tl 1 was cleaved with EsSQ El and Hin£^ and the 1 .9 kb band 
encoding the first 1786 nucleotides of the CFTR cDNA plus an additional 100 bp of DNA at 

10 the 5* end was isolated by agarose gel purification. This restriction fiagment was inserted 
between the EsQ Rl site and Sma 1 restriction site of the plamid Bluescript Sk- (Stratagene, 
catalogue number 212206), such that the CFTR sequences were now flanked on the upstream 
(5*) side by a Sail site from the clonmg vector. This clone, designated Tl 1-R, was cleaved 
with Sal i and jSph 1 and the resultant 1 .8 kb band isolated by agarose gel purification. 

1 5 Plasmid pkk-4.5 was cleaved with Sal 1 and Sph 1 and the large fragment was isolated by 
agarose gel purification. The purified Tl 1-R fragment and pkk-4.5 fragments were ligated to 
construct pkk-CFTRl . pkk-CFTRl contams exons 1 through 24 of the CFTR cDNA. It was 
discovered that this plasmid is stably maintained in £. coli cells and confers no measureably 
disadvantageous growth characteristics upon host cells. 

20 pkk-CFTRl contains, between nucleotides 1716 and 1717, the 1 19 bp insert DNA 

derived from partial cDNA clone Tl 6-4.5 described above. In addition, subsequent sequence 
analysis of pkk-CFTRl revealed unreported differences in the coding sequence between that 
portion of CFTRl derived from partial cDNA clone Tl 1 and the published CFTR cDNA 
sequence. These undesired differences included a 1 base-pair deletion at position 995 and a 

25 C to T transition at position 1 507. 

To complete construction of an intact correct CFTR coding sequence without 
mutations or insertions and with reference to the construction scheme shown in Figure 3, 
pkk-CFTRl was cleaved with Xba 1 and Hpa I, and dephosphorylated with calf intestinal 
alkaline phosphatase. In addition, to reduce the likelihood of recovering the original clone, 
, 30 the small unwanted Xba I /Hpa I restriction fragment from pKK-CFTRl was digested with 

SphJ. Tl 6- 1 was cleaved wdth Xba I and Acc I and the 1 . 1 5 kb fragment isolated by agarose 
gel purification. T16-4.5 was cleaved with Acc 1 and Hpa I and the 0.65 kb band was also 
isolated by agarose gel purification. The two agarose gel purified restriction fragments and 
the dephosphorylated pKK-CFTRl were ligated to produce pKK-CFTR2. Alternatively, 

35 pKK-CFTR2 could have been constructed using corresponding restriction fragments from the 
partial CFTR cDNA clone CI -1/5. pKK-CFTR2 contains the uninterrupted CFTR protein 
coding sequence and conferred slow growth upon E. coli host cells in which it was inserted, 
whereas pKK-CFTRl did not. The origin of replication of pKK-CFTR2 is derived from 
pMBl and confers a plasmid copy number of 15-20 copies per host cell. 
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Example 2 - Improving Host Cell Viability 

An additional enhancement of host cell viability was accomplished by a further 
reduction in the copy number of CFTR cDNA per host cell. This was achieved by 
5 transferring the CFTR cDNA into the plasmid vector, pSC-3Z. pSC-3Z was constructed 
using the pSClOl replication origin of the low copy number plasmid pLG338 (Stoker et al .. 
Gene li, 335 (1982)) and the ampicillin resistance gene and polylinker of pGEM-3Z 
(available from Promega). pLG338 was cleaved with Spb I and Em II and the 2.8 kb 
fragment containing the replication origin isolated by agarose gel purification. pGEM-3Z 

1 0 was cleaved with Alw M, the resultant restriction fragment ends treated with T4 DN A 
polymerase and deoxynucleotide triphosphates, cleaved with Sph I and the 1.9 kb band 
containing the ampicillin resistance gene and the polylinker was isolated by agarose gel 
purification. The pLG338 and pGEM-3Z fragments were ligated together to produce the low 
copy number cloning vector pSC-3Z. pSC-3Z and other plasmids containing pSCl 01 origins 

15 of replication are maintained at approximately five copies per cell (Sambrook et aL supra). 

With additional reference to Figure 4, pKK-CFTR2 was cleaved with Ecfl RY, Esl 1 
and Sal I ^d then passed over a Sephacryl S400 spun column (available from Pharmacia) 
according to the manufacturer's procedure in order to remove the &LI to £££2 RY restriction 
fragment which was retained withm the column. pSC-3Z was digested with Sma I and £st I 

20 and also passed over a Sephacryl S400 spun column to remove the small Sma I/Esl I 

restriction fragment which was retained within the column. The column eluted fractions from 
the pKK-CFTR2 digest and the pSC-3Z digest were mixed and ligated to produce pSC- 
CFTR2. A map of this plasmid is presented in Figure 5. Host cells containing CFTR cDNAs 
at this and similar gene dosages grow well and have stably maintained the recombinant 

25 plasmid with the full length CFTR coding sequence. In addition, this plasmid contains a 
bacteriophage T7 RNA polymerase promoter adjacent to the CFTR coding sequence and is 
therefore convenient for in vitro transcription/translation of the CFTR protein. The 
nucleotide sequence of CFTR codmg region from pSC-CFTR2 plasmid is presented in 
Sequence Listing 1 as SEQ ID N0:1. Significantly, this sequence differs from the previously 

30 published (Riordan, J.R. et al. (1989) Science 245:1066-1073) CFTR sequence at position 
1990, where there is C in place of the reported A. See Gregory, R.J. et al. (1990) Nature 
347:382-386. E. coli host cells containing pSC-CFTR2, internally identified with the number 
pSC-CFTR2/AGl, have been deposited at the American Type Culture Collection and given 
the accession number: ATCC 68244. 

35 

Examplg 3 - Altem^e Method for Improving Host Cell Viability 

A second method for enhancing host cell viability comprises disruption of the CFTR 
protein coding sequence. For this purpose, a synthetic intron was designed for insertion 
between nucleotides 1716 and 1717 of the CFTR cDNA. This intron is especially 
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advantageous because of its easily manageable size. Furthermore, it is designed to be 
efficiently spliced from CFTR primary RNA transcripts when expressed in eukaryotic cells. 
Four synthetic oligonucleotides were synthesized (1 195RG, 1 196RG, 1 197RG and 1 198RG) 
collectively extending from the Sch I cleavage site at position 1 700 to the Hinc II cleavage 
5 site at position 1785 and including the additional 83 nucleotides between 1716 and 1717 (see 
Figure 6). These oligonucleotides were phosphorylated with T4 polynucleotide kinase as 
described by Sambrook et al, mixed together, heated to 95°C for 5 minutes in the same 
buffer used during phosphorylation, and allowed to cool to room temperature over several 
hours to allow annealing of the single stranded oligonucleotides. To insert the synthetic 

10 intron into the CFTR coding sequence and with reference to Figures 7A and 7B, a subclone 
of plasmid Tl 1 was made by cleaving the Sal I site in the polylinker, repairing the recessed 
ends of the cleaved DNA with deoxynucleotide triphosphates and the large fragment of DNA 
Polymerase I and religating the DNA. This plasmid was then digested with EsQ. EY and Nm 
1 and religated. The resulting plasmid T16-A5* extended from the Nm I site at position 490 of 

1 5 the CFTR cDNA to the 3' end of clone Tl 6 and contained single sites for Sfih I and Hinc fl at 
positions corresponding to nucleotides 1700 and 1785 of the CFTR cDNA. T16-A5' plasmid 
was cleaved with Sph 1 and Hinc II and the large fragment was isolated by agarose gel 
purification. The annealed synthetic oligonucleotides were ligated into this vector fragment 
to generate T16-intron. 

20 Tl 6-intron was then digested with ESQ, EI and Sma I and the large fragment was 

isolated by agarose gel purification. Tl 6-4.5 was digested with EoQ. El and Sea I and the 790 
bp fragment was also isolated by agarose gel purification. The purified Tl 6-intron and T16- 
4,5 fragments were ligated to produce T16-intron-2. T16-intron-2 contains CFTR cDNA 
sequences extending from the Nru I site at position 490 to the S£2 1 site at position 2818, and 

25 includes the unique Hpa I site at position 2463 which is not present in T16-1 or T16-intron-L 
T-16-intron-2 was then cleaved with 232a I and Hca I and the 1800 bp fiagment was 
isolated by agarose gel purification. pKK-CFTRl was digested with 2S2a I and Hl2a I and the 
large fragment was also isolated by agarose gel purification and ligated with the firagment 
derived firom T16-intron-2 to yield pKK-CFTR3, shown in Figure 8. The CFTR cDNA 

30 within pKK-CFTR3 is identical to that withm pSC-CFTR2 and pKK-CFTR2 except for the 
insertion of the 83 bp intron between nucleotides 1716 and 1717. The insertion of this intron 
resulted in improved growth characteristics for cells harboring pKK-CFTR3 relative to cells 
containing the unmodified CFTR cDNA in pKK-CFTR2. 

35 E;^a^i7p)e 4 ■ In vitrQ TrangcripUon/Tr^sktion 

In addition to sequence analysis, the integrity of the CFTR cDNA open reading firame 
was verified by in vitro transcription/translation. This method also provided the initial CFTR 
protein for identification purposes. 5 micrograms of pSC-CFTR2 plasmid DNA were 
linearized with Sal I and used to direct the synthesis of CFTR RNA transcripts with T7 RNA 



I 

I 

wo 94/12649 PCT/US93/11667 

-25- 

polymerase as described by the supplier (Stratagene). This transcript was extracted with 
phenol and chloroform and precipitated with ethanol. The transcript was resuspended in 25 
microliters of water and varying amounts were added to a reticulocyte lysate in vitro 
translation system (Promega). The reactions were performed as described by the supplier in 
. 5 the presence of canine pancreatic microsomal membranes (Promega), using 35s-methionine 
to label newly synthesized proteins. In vitro translation products were analysed by 
discontinuous polyacrylamide gel electrophoresis in the presence of 0.1% SDS with 8% 
separating gels (Laemmii, U.K. (1970) Nature 227:680-685). Before electrophoresis, the in 
vitro translation reactions were denatured with 3% SDS, 8 M urea and 5% 2-mercaptoethanol 
10 in 0,65 M Tris-HCl, pH 6.8. Following electrophoresis, the gels were fixed in 

methanohacetic acid: water (30:10:60), rinsed with water and impregnated with 1 M sodium 
salicylate. 35s labelled proteins were detected by fluorgraphy. A band of approximately 180 
kD was detected, consistent with translation of the full length CFTR insert. 

15 

Example 5 - Elimination of Cryptic Regulatory Signals 

Analysis of the DNA sequence of the CFTR has revealed the presence of a potential 
£1 coli RNA polymerase promoter between nucleotides 748 and 778 which confonns well to 
the derived consensus sequence for E, coli promoters (Reznikoff and McClure, Maximizing 

20 Gene Expression, 1, Butterworth Publishers, Stoneham, MA). If this sequence functions as a 
promoter functions in E. coli, it could direct synthesis of potentially toxic partial CFTR 
polypeptides. Thus, an additional advantageous procedure for maintaining plasmids 
containing CFTR cDNAs in Ecoli would be to alter the sequence of this potential promoter 
such that it will not function in £. coli. This may be accomplished without altering the amino 

25 acid sequence encoded by the CFTR cDNA. Specifically, plasmids containing complete or 
partial CFTR cDNAs would be altered by site-directed mutagenesis using synthetic 
olignucleotides (Zoller and Smith, (1983) Methods Enzymol. lflQ:468 ). More specifically, 
altering the nucleotide sequence at position 908 from a T to C and at position 774 from an A 
to a G effectively eliminates the activity of this promoter sequence without altering the amino 
. 30 acid coding potential of the CFTR open reading frame. Other potential regulatory signals 

within the CFTR cDNA for transcription and translation could also be advantageously altered 
and/or deleted by the same method. 

Futher analysis has identified a sequence extending from nucleotide 908 to 936 which 
functions efificiently as a transcriptional promoter element in E. coli (Gregory, R.J. et ah 

35 (1990) Nature 347:382-386). Mutation at position 936 is capable of inactivating this 
promoter and allowing the CFTR cDNA to be stably maintained as a plasmid in £. coli 
(Cheng, S.H. et al, (1990) Cell 63:827-834). Specifically position 936 has been altered from 
a C to a T residue without the amino acid sequence encoded by the cDNA being altered. 
Other mutations within this regulatory element described in Gregory, R.J. et al. (1990) 
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Nature 347:382-386 could also be used to inactivate the transcriptional promoter activity. 
Specifically, the sequence from 908 to 913 (TTGTGA) and from 93 1 to 936 (GAAAAT) 
could be altered by site directed mutagenesis without altering the amino acid sequence 
encoded by the cDNA. 

5 

Example 6 - Cloning o f CFTR in Alternate Host Systems 

Although the CFTR cDNA displays apparent toxicity in £. coli cells, other types of 
host cells may not be affected in this way. Alternative host systems in v^ch the entire 
CFTR cDNA protein encoding region may be maintained and/or expressed mclude other 
10 bacterial species and yeast. It is not possible a priori to predict which cells might be resistant 
and which might not. Screening a nimiber of different host/vector combinations is necessary 
to find a suitable host tolerant of expression of the fiill length protein or potentially toxic 
fragments thereof. 

15 

Example 7 ■ Genera tion of Adenovirus Vector Encoding CFTR (Ad2/CFTR^ 
1 , DNA preparation - Construction of the recombinant Ad2/CFTR-1 virus (the sequence 
of which is shown in Table II and as SEQ ID N0:3) was accomplished as follows: The 
CFTR cDNA was excised from the plasmid pCMV-CFTR-936C usmg restriction enzymes 

20 Spel and EcII361 . pCMV-CFTR-936C consists of a minimal CFTR cDNA encompassing 
nucleotides 123-4622 of the published CFTR sequence cloned into the multiple cloning site 
of pRC/CMV (Invitrogen Coip.) using synthetic linkers. The CFTR cDNA within this 
plasmid has been completely sequenced. The Spel/EcII361 restriction fragment contains 47 
bp of 5' sequence derived from synthetic linkers and the multiple cloning site of the vector. 

25 The CFTR cDNA (the sequence of which is shown as SEQ ID NO: 1 and the amino 

acid sequence encoded by the CFTR cDNA is shown as SEQ ID N0:2) was inserted between 
the Nhel and SnaBl restriction sites of the adenovirus gene transfer vector pBR-Ad2-7. pBR- 
Ad2-7 is a pBR322 based plasmid containing an approximately 7 kb insert derived from the 
5* 10680 bp of Ad2 mserted between the £M and BamHl sites of pBR322, From this Ad2 

30 fragment, the sequences corresponding to Ad2 nucleotides 546-3497 were deleted and 

replaced with a 12 bp multiple cloning site containing an Nhel site, an Mlul site, and a SnaBl 
site. The construct also contains the 5' inverted terminal repeat and viral packaging signals, 
the Ela enhancer and promoter, the Elb 3* intron and the 3' untranslated region and 
polyadenylation sites. The resulting plasmid was called pBR-Ad2-7/CFTR. Its use to 

35 assemble virus is described below. 



2. Vims Preparation from DNA - To generate the recombinant Ad2/CFTR-1 adenovirus, 
the vector pBR-Ad2-7/CFTR was cleaved with BstEl at the site corresponding to the xmique 
BstBl site at 10670 in Ad2. The cleaved plamid DNA was ligated to BstBl restricted Ad2 
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DNA. Following ligation, the reaction was used to transfect 293 cells by the calcium 
phosphate procedure. Approximately 7-8 days following transfection, a single plaque 
appeared and was used to reinfect a dish of 293 cells. Following development of cytopathic 
effect (CPE), the medium was removed and saved. Total DNA was prepared from the 
5 infected cells and analyzed by restriction analysis with multiple enzymes to verify the 
integrity of the construct. Viral supernatant was then used to infect 293 cells and upon 
delvelopment of CPE, expression of CFTR was assayed by the protein kinase A (PKA) 
immunoprecipitation assay (Gregory, RJ. et al. (1990) Nature 347:382 ). Following these 
verification procedures, the virus was further purified by two rounds of plaque purification. 
10 Plaque purified virus was grown into a small seed stock by inoculation at low 

multiplicities of infection onto 293 cells grown in monolayers in 925 medium supplemented 
v^th 10% bovine calf serum. Material at this stage was designated a Research Viral Seed 
Stock (RVSS) and was used in all preliminary experiments. 

15 3 . Virus Host Cell - Ad2/CFTR- 1 is propagated in human 293 cells (ATCC CRL 1 573). 
These cells are a human embryonal kidney cell line which were immortalized with sheared 
fragments of human Ad5 DNA, The 293 cell line expresses adenovirus early region 1 gene 
products and in consequence, will support the growth of El deficient adenoviruses. By 
analogy with retroviruses, 293 cells could be considered a packaging cell line, but they differ 

20 from usual retrovirus lines in that they do not provide missing viral structural proteins, rather, 
they provide only some missing viral early functions. 

Production lots of virus are propagated in 293 cells derived from the Working Cell 
Bank (WCB). The WCB is in turn derived from the Master Cell Bank (MCB) which was 
grown up from a fresh vial of cells obtained from ATCC. Because 293 cells are of human 

25 origin, they are being tested extensively for the presence of biological agents. The MCB and 
WCB are being characterized for identity and the absence of adventitious agents by 
Microbiological Associates, Rockville, MD. 

4. Growth of P roduction Lots of Virus 

30 Production lots of Ad2/CFTR- 1 are produced by inoculation of approximately 5-1 0 x 

10^ pfu of MVSS onto approximately 1-2 x 10^ Web 293 cells grown in a T175 flask 
containing 25 mis of 925 medium. Inoculation is achieved by direct addition of the virus 
(approximately 2-5 mis) to each flask. Batches of 50-60 flasks constitute a lot. 

Following 40-48 hours incubation at 37°C, the cells are shaken loose from the flask 

35 and transferred with medium to a 250 ml centrifuge bottle and spun at 1000 xg. The cell 
pellet is resuspended in 4 ml phosphate buffered saline containing 0.1 g/1 CaCl2 and 0.1 g/1 
MgCl2 and the cells subjected to cycles of freeze-thaw to release virus. Cellular debris is 
removed by centrifiigation at 1000 xg for 15 min. The supernatant from this centrifugation is 
layered on top of the CsCl step gradient: 2 ml 1.4g/ml CsCl and 3 ml 1.25g/ml CsCl in 10 
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mM Tris, 1 iiiM EDTA (TE) and spun for 1 hour at 35,000 ipm in a Beckman SW41 rotor. 
Virus is then removed from the interface between the two CsCl layers, mixed with 1.35 g/ml 
CsCl in TE and then subjected to a 2.5 hour equilibrium centrifiigation at 75,000 rpm in a 
TLN-100 rotor. Virus is removed by puncturing the side of the tube with a hypodermic 
5 needle and gently removing the banded virus. To reduce the CsCl concentration, the sample 
is dialyzed against 2 changes of 2 liters of phosphate buffered saline with 10% sucrose. 

Following this procedure, dialyzed virus is stable at 4°C for several weeks or can be 
stored for longer periods at -80®C. Aliquots of material for human use will be tested and 
while awaiting the results of these tests, the remainder will be stored frozen. The tests to be 
1 0 performed are described below: 

5. S tnlct^^g and Purity of Virus 

SDS polyacrylamide gel electrophoresis of purified virions reveals a number of 
polypeptides, many of which have been characterized. When preparations of virus were 
15 subjected to one or two additional rounds of CsCl centrifiigation, the protein profile obtained 
was indistinguishable. This indicates that additional equilibriimi centrifiigation does not 
purify the virus further, and may suggest that even the less intense bands detected in the virus 
preparations represent minor virion components rather than contaminating proteins. The 
identity of the protein bands is presently being established by N-terminal sequence analysis. 

20 

6. Contaminating Materials - The material to be administered to patients will be 2 x 10^ 
pfu, 2 X 1 0^ pfu and 5 x 1 0^ pfu of purified Ad2/CFTR-1 . Assmning a minimum particle to 
pfu ratio of 500, this corresponds to 1 x 10^, 1 x 10^0 and 2.5 x 10^0 viral particles, these 
correspond to a dose by mass of 0.25 jig, 2.5jig and 6.25 |ig assuming a moleuclar mass for 

25 adenovirus of 1 50 x 1 0^- 

The origin of the materials from which a production lot of the purified Ad2/CFTR-1 
is derived was described in detail above and is illustrated as a flow diagram in Figure 6. All 
the starting materials from which the purified virus is made (i.e., MCB, and WCB, and the 
MVSS) will be extensively tested. Further, the growth medium used will be tested and the 

30 serum will be from only approved suppliers who will provide test certificates. In this way, all 
the components used to generate a production lot will have been characterized. Following 
growth, the production lot virus will be purified by two rounds of CsCl centrifiigation, 
dialyzed, and tested. A production lot should constitute 1-5 x 10^0 pfli Ad2/CFTR-1. 

As described above, to detect any contaminating material aliquots of the production 

35 lot will be analyzed by SDS gel electrophoresis and restriction enzyme mapping. However, 
these tests have limited sensitivity. Indeed, unlike the situation for purified single chain 
recombinant proteins, it is very difiQcult to quantitate the purity of the AD2/CFTR-1 using 
SDS polyacrylamide gel electrophoresis (or similar methods). An alternative is the 
immunological detection of contaminating proteins (IDCP). Such an assay utilizes antibodies 
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raised against the proteins purified in a mock purification run. Development of such an assay 
has not yet been attempted for the CsCI purification scheme for Ad2/CFTR-1. However, 
initially an IDCP assay developed for the detection of contaminants in recombinant proteins 
produced in Chinese hamster ovary (CHO) cells will be used. In addition, to hamster 
5 proteins, these assays detect bovine serum albumin (BSA), transferrin and IgG heavy and 
light chain derived from the serum added to the growth medium. Tests using such reagents to 
examine research batches of Ad2/CFTR-1 by both ELISA and Western blots are in progress. 

Other proteins contaminating the virus preparation are likely to be from the 293 cells - 
that is, of human origin. Human proteins contaminating therapeutic agents derived from 
10 himian sources are usually not problematic. In this case, however, we plan to test the 
production lot for transforming factors. Such factors could be activities of contaminating 
human proteins or of the Ad2/CFTR-1 vector or other contaminatmg agents. For the test, it is 
proposed that 10 dishes of Rat 1 cells containing 2 x 10^ cells (the number of target cells in 
the patient) with 4 times the highest human dose of Ad2/CFTR-1 (2 x 10^ pfii) will be 
1 5 infected. Following infection, the cells will be plated out in agar and examined for the 

appearance of transformed foci for 2 weeks. Wild type adenovirus will be used as a control. 

Nucleic acids and proteins would be expected to be separated from purified vims 
preparations upon equilibrium density centrifiigation. Furthermore, the 293 cells are not 
expected to contain VL30 sequences. Biologically active nucleic cells should be detected. 

20 

Example 8 - Preliminarv Experiments Testing the Ability of Ad2/BGal or Ad2/CFTR Virus 
to Emgr Airway Epithelial Cells 

a. Hamster Studies 

25 Initial studies involving the intratracheal instillation of the Ad-pGal viral vector into 

Syrian hamsters, which are reported to be permissive for human adenovirus are being 
performed. The first study, a time course assessment of the pulmonary and systemic acute 
inflammatory response to a single intratracheal administration of Ad-pGal viral vector, has 
been completed. In this study, a total of 24 animals distributed among three treatment 

30 groups, specifically, 8 vehicle control, 8 low dose virus (1 x 10^ ^ particles; 3 x 10^ pfu), and 
8 high dose virus (1.7 x 10^2 particles; 5 x 10^ pfu), were used. Within each treatment 
group, 2 animals were analyzed at each of four time points after viral vector instillation: 6 
hrs, 24 hrs, 48 hrs, and 7 days. At the time of sacrifice of each animal, lung lavage and blood 
samples were taken for analysis. The lungs were fixed and processed for normal light-level 

35 histology. Blood and lavage fluid were evaluated for total leukocyte count and leukocyte 
differential. As an additional measure of the inflammatory process, lavage fluid was also 
evaluated for total protein. Following embeddings, sectioning and hematoxylin/eosin 
staining, lung sections were evaluated for signs of inflammation and airway epithelial 
damage. 
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With the small sample size, the data from this preliminary study were not amenable to 
statistical analyses, however, some general trends could be ascertained. In the peripheral 
blood samples, total leukocyte counts showed no apparent dose- or time- dependent changes. 
In the blood leukocyte differential counts, there may have been a minor dose-related 
5 elevation in percent neutrophil at 6 hours; however, data from all other time points showed no 
elevation in neutrophil percentages. Taken together, these data suggest little or nor systemic 
inflanmiatory response to the viral administration. 

From the lung lavage, some elevation in total neutrophil counts were observed at the 
first three time points (6 hr, 24 hr, 48 hr). By seven days, both total and percent neutrophil 
10 values had returned to normal range. The trends in lung lavage protein levels were more 
difficult to assess due to inter-animal variability; however, no obvious dose- or time- 
dependent effects were apparent. First, no damage to airway epithelium was observed at any 
time point or virus dose level. Second, a time- and dose- dependent mild inflanmiatory 
response was observed, being maximal at 48 hr in the high virus dose animals. By seven 
1 S days, the inflammatory response had completely resolved, such that the lungs from animals in 
all treatment groups were indistinguishable. 

In summary, a mild, transient, pulmonary inflammatory response appears to be 
associated with the intratracheal administration of the described doses of adenoviral vector in 
the Syrian Hamster. 

20 A second, single intratracheal dose, hamster study has been initiated. This study is 

designed to assess the possibility of the spread of ineffective viral vectors to organs outside of 
the lung and the antibody response of the animals to the adenoviral vector. In this study, the 
three treatment groups (vehicle control, low dose virus, high dose virus) each contained 12 
animals. Animals will be evaluated at three time points: 1 day, 7 days, and 1 month. In this 

25 study, viral vector persistence and possible spread v^ll be evaluated by the assessment of the 
presence of infective virions in numerous organs including lung, gut, heart, liver, spleen, 
kidney, brain and gonads. Changes in adenoviral antibody titer will be measured in 
peripheral blood and lung lavage. Additionally, lung lavage, peripheral blood and lung 
histology will be evaluated as in the previous study. 

30 

b. Primate studies. 

Studies of recombinant adenovirus are also underway in primates. The goal of these 
studies is to assess the ability of recombinant adenoviral vectors to deliver genes to the 
respiratory epithelixmi in vivo and to assess the safety of the construct in primates. Initial 
35 studies in primates targeted nasal epithelia as the site of infection because of its similarity to 
lower airway epithelia, because of its accessibility, and because nasal epithelia was used for 
the first human studies. The Rhesus monkey (Macaca mulatto) has been chosen for studies, 
because it has a nasal epithelium similar to that of humans. 
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How expression of CFTR affects the electrolyte transport properties of the nasal 
epithelium can be studied in patients with cystic fibrosis. But because the primates have 
normal CFTR function, instead the ability to transfer a reporter gene was assessed. Therefore 
the Ad-PGal virus was used. The epitheUal cell density in the nasal cavity of the Rhesus 
5 monkey is estimated to be 2 x 10^ cells/cm (based on an average nasal epithelial cell 

diameter of 7 nm) and the surface near 25-50 cm^. Thus, there are about 5 x 1 0^ cells in the 
nasal epithelium of Rhesus monkey. To focus especially on safety, the higher viral doses 
(20-200 MOI) were used in vivo. Thus doses in the range of lO^-lO^O pfii were used. 

In the &st pilot study the right nostril of Monkey A was infected with Ad-p-Gal (-1 

10 ml). This viral preparation was purified by CsCl gradient centrifiigation and then by gel 
filtration chromatography one week later. Adenoviruses are typically stable in CsCl at 4°C 
for one to two weeks. However, this viral preparation was found to be defective (i.e., it did 
not produce detectable p-galactosidase activity in the permissive 293 cells). Thus, it was 
concluded that there was no live viral activity in the material, p-galactosidase activity in 

15 nasal epithelial cells from Monkey A was also not detected. Therefore, in the next study, two 
different preparations of Ad-p-Gal virus: one that was purified on a CsCl gradient and then 
dialyzed against Tris-bufifered saline to remove the CsCl, and a crude unpurified one was 
used. Titers of Ad-p-Gal viruses were --2 x 10^0 pfu/ml and > 1 x lO^^ pfu/ml, respectively, 
and both preparations produced detectable p-galactosidase activity in 293 cells. 

20 Monkeys were anesthetized by intramuscular injection of ketamine (IS mg/kg). One 

week before administration of virus, the nasal mucosa of each monkey was brushed to 
establish baseline cell differentials and levels of P-galactosidase. Blood was drawn for 
baseline determination of cell differentials, blood chemistries, adenovirus antibody titers, and 
viral cultures. Each monkey was also examined for weight, temperature, appetite, and 

25 general health prior to infection. 

The entire epithelium of one nasal cavity was used in each monkey. A foley catheter 
(size 10) was inserted through each nasal cavity into the pharynx, inflated with 2-3 ml of air, 
and then pulled anteriorly to obtain tight posterior occlusion at the posterior choana. Both 
nasal cavities were then inigated with a solution (-5 ml) of 5 mM dithiothreitol plus 0.2 U/ml 
• 30 neuraminidase in phosphate-buffered saline (PBS) for five minutes. This solution was used 
to dissolve any residual mucus overlaying the epithelia. (It was subsequently found that such 
treatment is not required.) The washing procedure also allowed the determination of whether 
the balloons were effectively isolating the nasal cavity. The virus (Ad-p-Gal) was then 
slowly instilled into the right nostril with the posterior balloon inflated. The viral solution 

35 remained in contact with the nasal mucosa for 30 minutes. At the end of 30 minutes, the 
remaining viral solution was removed by suction. The balloons were deflated, the catheters 
removed, and the monkey allowed to recover from anesthesia. Monkey A received the CsCl- 
purified virus (-1.5 ml) and Monkey B received the crude virus (~6 ml), (note that this was 
the second exposure of Monkey A to the recombinant adenovirus). 
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Both monkeys were followed daily for appearance of the nasal mucosa, conjunctivitis, 
appetite, activity, and stool consistency. Each monkey was subsequently anesthetized on 
days 1, 4, 7, 14, and 21 to obtain nasal, pharyngeal, and tracheal cell samples (either by 
swabs or brushes) as described below. Phlebotomy was performed over the same time course 
5 for hematology, ESR, general screen, antibody serology and viral cultures. Stools were 
collected every week to assess viral cultures. 

To obtain nasal epithelial cells from an anesthetized monkey, the nasal mucosa was 
first impregnated with 5 drops of Afrin (0.05% oxymetazoline hydrochloride, Schering- 
Plough) and 1 ml of 2% Lidocaine for 5 min. A cytobrush (the kind typically used for Pap 

1 0 smears) was then used to gently rub the mucosa for about 1 0 seconds. For tracheal brushings, 
a flexible fiberoptic bronchoscope; a 3 mm cytology brush (Bard) was advanced through the 
bronchoscope into the trachea, and a small area was brushed for about 1 0 seconds. This 
procedure was repeated twice to obtain a total of '-10^ cells/ml. Cells were then collected on 
slides (approximately 2 x 10^ cells/slide using a Cytospin 3 (Shandon, PA)) for subsequent 

1 5 staining (see below). 

To determine viral efficacy, nasal, pharyngeal, and tracheal cells were stained for p- 
galactosidase using X-gal (5 bromo-4-chloro-3-indolyl-P-D-galactoside). Cleavage of X-gal 
by P-galactosidase produces a blue color that can be seen with light microscopy. The Ad-p- 
gal vector included a nuclear-localization signal (NLS) (from SV40 large T-antigen) at the 

20 amino-terminus of the p-galactosidase sequence to direct expression of this protein to the 
nucleus. Thus, the number of blue nuclei after staining was determined. 

RT-PCR (reverse transcriptase-polymerase chain reaction) was also used to determine 
viral efficacy. This assay indicates the presence of p-galactosidase mRNA in cells obtained 
by brushings or swabs. PCR primers were used m both the adenovirus sequence and the 

25 LacZ sequence to distinguish virally-produced mRNA from endogenous mRNA. PCR was 
also used to detect the presence of the recombinant adenovirus DNA. Cytospin preparations 
was used to assess for the presence of virally produced p-galactosidase mRNA in the 
respiratory epithelial cells using in-situ hybridization. This technique has the advantage of 
being highly specific and will allow assessment which cells are producing the mRNA. 

30 Whether there was any inflammatory response was assessed by visual inspection of 

the nasal epithelium and by cytological exammation of Wright-stained cells (cytospin). The 
percentage of neutrophils and lymphocytes were compared to that of the control nostril and to 
the normal values from four control monkeys. Systemic repsonses by white blood cell 
counts, sedimentation rate, and fever were also assessed. 

35 Viral replication at each of the time points was assessed by testing for the presence of 

live virus in the supernatant of the cell suspension from swabs or brushes. Each supernatant 
was used to infect (at several dilutions) the virus-sensitive 293 cell line. Cytopathic changes 
in the 293 cells were monitored for 1 week and then the cells were fixed and stained for P- 
galactosidase. Cytopathic effects and blue-stained cells indicated the presence of live virus. 
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Positive supematants will also be subjected to analysis of nonintegrating DNA to identify 
(confinn) the contributing virus(es). 

Antibody titers to type 2 adenovirus and to the recombinant adenovirus were 
determined by ELISA. Blood/serum analysis was performed using an automated chemistry 
5 analyzer Hitachi 737 and an automated hematology analyzer Technicom H6. The blood 
buffy coat was cultured in A549 cells for wild type adenovirus and was cultured in the 
permissive 293 cefls. 

Results: Both monkeys tolerated the procedure well. Daily examination revealed no 
evidence of coryza, conjunctivitis or diarrhea. For both monkeys, the nasal mucosa was 

10 mildly erythematous in both the infection side and the control side; this was interpreted as 
being due to the instrumentation. Appetites and weights were not affected by virus 
administrated in either monkey. Physical examination on days 1, 4,7, 14 and 21 revealed no 
evidence of lymphadenopathy, tachypnea, or tachycardia. On day 21, monkey B had a 
temperature 39.rC (normal for Rhesus monkey 38.8°C) but had no other abnormalities on 

15 physical exam or in laboratory data. Monkey A had a slight leukocytosis on day 1 post 
infection which returned to normal by day 4; the WBC was 4,920 on the day of infection, 
8,070 on day 1, and 5,200 on day 4. The ESR did not change after the infection. Electrolytes 
and transaminases were nonnal throughout. 

Wright stains of cells from nasal brushing were performed on days 4, 7, 14, and 21. 

20 They revealed less than 5% neutrophils and lymphocytes. There was no difference between 
the infected and the control side. 

X-Gal stains of the pharyngeal swabs revealed blue-stained cells in both monkeys on 
days 4, 7, and 14; only a few of the cells had clear nuclear localization of the pigment and 
some pigment was seen in extracellular debris. On day 7 post infection, X-Gal stains from 

25 the right nostril of monkey A, revealed a total of 1 35 ciliated cells with nuclear-localized blue 
stain. The control side had only 4 blue cells Monkey B had 2 blue cells from the infected 
nostril and none from the control side. Blue cells were not seen on day 7, 14, or 2 1 . 

RT-PCR on day 3 post infection revealed a band of the correct size that hybridized 
with a p-Gal probe, consistent with P-Gal mRNA in the samples from Monkey A control 
. 30 nostril and Monkey B infected nostril. On day 7 there was a positive band in the sample from 
the infected nostril of Monkey A, the same specimen that revealed blue cells. 

Fluid from each nostril, the pharynx, and trachea of both monkeys was placed on 293 
cells to check for the presence of live virus by cytopathic effect and X-Gal stain. In Monkey 
A, live virus was detected in both nostrils on day 3 after infection; no live vmis was detected 

35 at either one or two weeks post-infection. In Monkey B, live virus was detected in both 
nostrils, pharynx, and trachea on day 3, and only in the infected nostril on day 7 after 
infection. No live virus was detected 2 weeks after the infection. 
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c. H™m EKplmt Smdies 

In a second type of experiment, epithelial cells from a nasal polyp of a CF patient 
were cultured on permeable filter supports. These cells form an electrically tight epithelial 
monolayer after several days in culture. Eight days after seeding, the cells were exposed to 

5 the Ad2/CFTR virus for 6 hours. Three days later, the short-circuit current (Isc) across the 
monolayer was measured. cAMP agonists did not increase the Isc, indicating that there was 
no change in chloride secretion. However, this defect was corrected after infection with 
recombinant Ad2/CFTR. Cells infected with Ad2/CFTR (M0I=5; MOI refers to multiplicity 
of infection; 1 MOI indicates one pfii/cell) express fimctional CFTR; cAMP agonists 

10 stimulated Isc, indicating stimulation of CI" secretion. Ad2/CFTR also corrected the CF 
chloride channel defect in CF tracheal epithelial cells. Additional studies indicated that 
Ad2/CFTR was able to correct the chloride secretory defect without altering the 
transepithelial electrical resistance; this result indicates that the integrity of the epithelial cells 
and the tight junctions was not disrupted by infection with Ad2/CFTR. Application of 1 MOI 

15 of Ad2/CFTR was also found to be sufficient to correct the CF chloride secretory defect. 

The experiments using primary cultures of human airway epithelial cells indicate that 
the Ad2/CFTR virus is able to enter CF airway epithelial cells and express sufficient CFTR to 
correct the defect in chloride transport. 

20 Example 9 -In Vivo Delive ry to and Expression of CFTR in Cotton Rat and Rhesus Monkev 

Epithelivim 

MATERIALS AND METHODS 

AdgPQviry? vgQtor 

25 Ad2/CFTR-1 was prepared as described in Example 7. The DNA construct comprises 

a fiill length copy of the Ad2 genome of approximately 37.5 kb fi-om which the early region 1 
genes (nucleotides 546 to 3497) have been replaced by cDNA for CFTR (nucleotides 123 to 
4622 of the published CFTR sequence with 53 additional linker nucleotides). The viral Ela 
promoter was used for CFTR cDNA. Termination/polyadenylation occurs at the site 

30 normally used by the Elb and protein IX transcripts. The recombmant virus E3 region was 
conserved. The size of the Ad2-CFTR-1 vector is approximately 104.5% that of wild-type 
adenovirus. The recombinant virus was grown in 293 cells that complement the El early 
viral promoters. The cells were frozen and thawed three times to release the virus and the 
preparation was purified on a CsCl gradient, then dialyzed against Tris-buffered saline (TBS) 

35 to remove the CsCl, as described. 
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Rats. Twenty two cotton rats (6-8 weeks old, weighing between 80-100 g) were used 
for this study. Rats were anesthetized by inhaled methoxyflurane (Pitman Moore, Inc., 
Mundelen, 111). Virus was applied to the lungs by nasal instillation during inspiration. 
5 Two cotton rat studies were performed. In the first study, seven rats were assigned to 

a one time pulmonary infection with ICQ \i\ solution containing 4.1 x 10^ plaque forming 
units (pfu) of the Ad2/CFTR-1 virus and 3 rats served as controls. One control rat and either 
two or three experimental rats were sacrificed with methoxjrflurane and studies at each of 
three time points: 4, 11, or 15 days after infection. 

10 The second group of rats was used to test the effect of repeat administration of the 

recombinant virus. All 12 rats received 2.1 x 10^ pfii of the Ad2/CFTR-1 virus on day 0 and 
9 of the rats received a second dose of 3.2 x 10^ pfu of Ad2/CFTR-1 14 days later. Groups 
of one control rat and three experimental rats were sacrificed at 3, 7, or 14 days after the 
second administration of virus. Before necropsy, the trachea was cannulated and 

15 brochoaveolar lavage (BAL) was performed with 3 ml aliquots of phosphate-buffered saline. 
A median sternotomy was performed and the right ventricle cannulated for blood collection. 
The right lung and trachea were fixed in 4% formaldehyde and the left lung was frozen in 
liquid nitrogen and kept at -70®C for evaluation by inmiunochemistry, reverse transcriptase 
polymerase chain reaction (RT-PCR), and viral culture. Other organs were removed and 

20 quickly frozen in liquid nitrogen for evaluation by polymerase chain reaction (PGR). 

Monkeys. Three female Rhesus monkeys were used for this study; a fourth female 
monkey was kept in the same room, and was used as control. For application of the virus, the 
monkeys were anesthetized by intramuscular injection of ketamine (15 mg/kg). The entire 
epithelium of one nasal cavity in each monkey was used for virus application. A foley 

25 catheter (size 10) was inserted through each nasal cavity into the pharynx, the balloon was 
inflated with 2-3 ml of air, and then pulled anteriorly to obtain a tight occlusion at the 
posterior choana. The Ad2/CFTR-1 virus was then instilled slowly in the right nostril with 
the posterior balloon inflated. The viral solution remained in contact with the nasal mucosa 
for 30 min. The balloons were deflated, the catheters were removed, and the monkeys were 
. 30 allowed to recover from anesthesia. A similar procedure was performed on the left nostril, 
except that TBS solution was instilled as a control. The monkeys received a total of three 
doses of the virus over a period of 5 months. The total dose given was 2.5 x 10^ pfti the first 
time, 2.3 x 10^ pfii the second time, and 2.8 x 10^ pfii the third time. It was estimated that 
the cell density of the nasal epithelia to be 2 x 10^ cells/cm^ and a surface area of 25 to 50 

35 cm2. This corresponds to a multiplicity of infection (MOI) of approximately 25. 

The animals were evaluated 1 week before the first administration of virus, on the day 
of administration, and on days 1, 3, 6, 13, 21, 27, and 42 days after infection. The second 
administration of virus occurred on day 55. The monkeys were evaluated on day 55 and then 
on days 56, 59, 62, 69, 76, 83, 89, 96, 103, and 1 1 1. For the third administration, on day 134, 
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only the left nostril was cannulated and exposed to the virus. The control monkey received 

instillations of PBS instead of virus. Biopsies of the left medial turbinate were carried out on 

day 135 in one of the infected monkeys, on day 138 on the second infected monkey, and on 

day 142 on the third infected monkey and on the control monkey. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(15 mg/kg). To obtain nasal epithelial cells, the nasal mucosa was first impregnated with 5 

drops of Afiin (0.05% oxymetazoline hydrochloride, Schering-Plough) and 1 ml of 2% 

Lidocaine for 5 minutes. A cytobnish was then used to gently rub the mucosa for about 3 

sec. To obtain pharyngeal epithelial swabs, a cotton-tipped applicator was rubbed over the 
10 back of the pharynx 2-3 times. The resulting cells were dislodged from brushes or 

applicators into 2 ml of sterile PBS. Biopsies of the medial turbinate were perfonned using 

cupped forceps under direct endoscopic control. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 

record of food and fluid intake was used to assess appetite and general health. Stool 
1 5 consistency was also recorded to check for the possibility of diarrhea. At each of the 

evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 

The nasal mucosa, conjunctivas, and pharynx were visually inspected. The monkeys were 

also examined for lymphadenopathy. 

Venous blood from the monkeys was collected by standard venipuncture technique. 
20 Blood/serum analysis was perfonned in the clinical laboratory of the University of Iowa 

Hospitals and Clinics using a Hitachi 737 automated chemistry analyzer and a Technicom H6 

automated hematology analyzer. 

SgrQlQgy 

25 Sera were obtained and anti-adenoviral antibody titers were measured by an enzyme- 

linked inmiunoadsorbant assay (ELISA). For the ELISA, 50 ng/well of filled adenovirus 
(Lee Biomolecular Research Laboratories, San Diego, Ca) in 0.1 M NaHCOs were coated on 
96 well plates at 4*'C overnight. The test samples at appropriate dilutions were added, 
starting at a dilution of 1/50, The samples were incubated for 1 hour, the plates washed, and 

30 a goat anti-human IgG HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, 
PA) was added and incubated for 1 hour. The plates were washed and O-Phenylenediamine 
(Sigma Chemical Co., St. Louis, MO) was added for 30 min. at room temperature. The assay 
was stopped with 4.5 M H2SO4 and read at 490 nm on a Molecular Devices microplate 
reader. The titer was calculated as the product of the reciprocal of the initial dilution and the 

35 reciprocal of the dilution in the last well with an OD>0. 1 00. 

Neutralizing antibodies measure the ability of the monkey serum to prevent infection 
of 293 cells by adenovirus. Monkey serum (1:25 dilution) [or nasal washings (1:2 dilutions)] 
was added in two-fold serial dilutions to a 96 well plate. Adenovirus (2.5 x 10^ pfii) was 
added and incubated for 1 hour at 37*'C. The 293 cells were then added to all wells and the 
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plates were incubated until the serum-free control wells exhibited >95% cytopathic effect. 
The titer was calculated as the product of the reciprocal of the initial dilution times the 
reciprocal of the dilution in the last well showing >95% cytopathic effect. 

5 Bronchoalveolar lavage and nasal brushings for cytology 

Bronchoalveolar lavage (BAL) was performed by cannulating the trachea with a 
silastic catheter and injecting 5 ml of PBS. Gentle suction was applied to recover the fluid. 
The BAL sample was spun at 5000 ipm for S min. and cells were resuspended in 293 media 
at a concentration of 10^ cells/ml. Cells were obtained from the monkeys nasal epithelium 
1 0 by gently rubbing the nasal mucosa for about 3 sec. with a cytobrush. The resulting cells 
were dislodged from the brushes into 2 ml of PBS. Forty microliters of the cell suspension 
were cytocentrifuged onto slides and stained with Wright's stain. Samples were examined by 
light microscopy. 

15 

Histolpgy of lung sections and nasal biopsies 

The right limg of each cotton rat was removed, inflated with 4% formaldehyde, and 
embedded in paraffin for sectioning. Nasal biopsies from the monkeys were also fixed with 
4% formaldehyde. Histologic sections were stained with hematoxylin and eosin (H&E). 
20 Sections were reviewed by at least one of the study persoimel and by a pathologist who was 
unaware of the treatment each rat received. 

ImmunQgytQchgmistry 

Pieces of lung and trachea of the cotton rats and nasal biopsies were frozen in liquid 

25 nitrogen on O.C.T. compound. Cryosections and paraffin sections of the specimens were 
used for immunofluorescence microscopy. Cytospin slides of nasal brushings were prepared 
on gelatin coated slides and fixed with paraformaldehyde. The tissue was permeabilized with 
Triton X-100, then a pool of monoclonal antibodies to CFTR (Ml 3-1, Ml-4) (Denning, G.M. 
et al. (1992)7. Clin. Invest. 89:339-349) was added and incubated for 12 hours. The primary 

30 antibody was removed and an anti-mouse biotinylated antibody (Biomeda, Foster City, CA) 
was added. After removal of the secondary antibody, streptavidin FITC (Biomeda, Foster 
City, Ca) was added and the slides were observed under a laser scanning confocal 
microscope. Both control animal samples and non-immune IgG stained samples were used as 
controls. 

35 

ECE 

PCR was performed on pieces of small bowel, brain, heart, kidney, liver, ovaries, and 
spleen from cotton rats. Approximately 1 g of the rat organs was mechanically ground and 
mixed with 50 jil sterile water, boiled for 5 min., and centrifuged. A 5 ^1 aliquot of the 
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supernatant was removed for further analysis. Monkey nasal brushings suspensions were 
also used for PCR. 

Nested PCR primer sets were designed to selectively amplify Ad2/CFTR-1 DNA over 
endogenous CFTR by placing one primer from each set in the adenovirus sequence and the 
5 other primer in the CFTR sequence. The first primer set amplifies a 723 bp fragment and is 
shown below: 

Ad2 5' ACT CTT GAG TGC CAG CGA GTA GAG TTT TCT CCT CCG 3' (SEQ ID 
N0:4) 

CFTR 5' GCA AAG GAG CGA TCC ACA CGA AAT GTG CC 3' (SEQ ID N0:5) 
1 0 The nested primer set amplifies a 506 bp fiagment and is shown below: 
Ad2 5' CTC CTC CGA GCC GCT CCG AGC TAG 3' (SEQ ID N0:6) 
CFTR 5' CCA AAA ATG GCT GGG TGT AGG AGC AGT GTC C y (SEQ ID N0:7) 

A PCR reaction mix containing lOmM Tris-Cl (pH 8.3), 50mM KCl, 1 .5 mM MgCl2, 
0.001% (w/v) gelatin, 400 |aM each dNTP, 0.6 each primer (first set), and 2.5 units 
1 5 AmpliTaq (Perkin Elmer) was aliquoted into separate tubes. A 5 ^il aliquot of each sample 
prep was then added and the mixture was overlaid with 50 (il of light mineral oil. The 
samples were processed on a Bamstead/Thermolyne (Dubuque, lA) thermal cycler 
programmed for 1 min. at 94°C, 1 min, at 65**C, and 2 min. at 72®C for 40 cycles. Post-run 
dwell was for 7 min, at 72°C. A 5 jil aliquot was removed and addeS to a second PCR 
reaction using the nested set of primers and cycled as above. A 1 0 ^l aliquot of the final 
amplification reaction was analyzed on a 1% agarose gel and visualized with ethidium 
bromide. 

To determine the sensitivity of this procedure, a PCR mix containing control rat liver 
supernatant was aliquoted into several tubes and spiked with dilutions of Ad2/CFTR-1 . 
Following the amplification protocols described above, it was determined that the nested 
PCR procedure could detect as little as 50 pfu of viral DNA. 

KEzECE 

RT-PCR was used to detect vector-generated mRNA in cotton rat lung tissue and 
samples fi-om nasal brushings fi-om monkeys. A 200 ^l aliquot of guanidine isothiocyanate 
solution (4 M guanidine isothiocyanate, 25 mM sodium citrate pH 7.0, 0.5% sarcosyl, and 0.1 
M p-mercaptoethanol) was added to a fi-ozen section of each lung and pellet from nasal 
brushings and the tissue was mechanically ground. Total RNA was isolated utilizing a 
single-step method (Chomczynski, P. and Sacchi, N. et al. (19S7) Analytical Biochemistry 
162:156-159; Hanson, C.A. et al. (1990) Am, X Pathol 137:1-6). The RNA was incubated 
with 1 unit RQl RNase-fi-ee DNase (Promega Corp., Madison WI)) at 37**C for 20 min., 
denatured at 99°C for 5 min., precipitated with ammonium acetate and ethanol, and 
redissolved in 4 jil diethylpyrocarbonate treated water containing 20 units RNase Block 1 
(Stratagene, La JoUa CA). A 2 |il aliquot of the purified RNA was reverse transcribed using 
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the GeneAmp RNA PGR kit (Perkin Elmer Cetus) and the downstream primer from the first 
primer set described in the previous section. Reverse transcriptase was omitted from the 
reaction with the remaining 2 |il of the purified RNA prep, as a control in which preparations 
(both +/- RT) were then amplified using nested primer sets and the PGR protocols described 
5 above. A 10 ^1 aliquot of the final amplification reaction was analyzed on a 1% agarose gel 
and visualized with ethidixmi bromide. 

Southern analysis. 

To verify the identity of the PGR products, Southern analysis was performed. The 
1 0 DNA was transferred to a nylon membrane as described (Sambrook £t M , supra), A 
fragment of GFTR cDNA (amino acids #1-525) was labeled with [32p].dGTP aCN 
Biomedicals, Inc. Irvine GA) using an oligolabeling kit (Pharmacia, Piscataway, NJ) and 
purified over a NIGK column (Pharmacia Piscataway, NJ) for use as a hybridization probe. 
The labeled probe was denatured, cooled, and incubated with the prehybridized fiUer for 15 
15 hours at 42°G. The hybridized filter was then exposed to film (Kodak XAR-5) for 1 0 min. 



CwltttrgofAd2/CFTR"l 

20 Viral cultures were performed on the permissive 293 cell line. For culture of virus 

from lung tissue, 1 g of lung was frozen/thawed 3-6 times and then mechanically disrupted in 
200 |il of 293 media. For culture of BAL and monkey nasal brushings, the cell suspension 
was spun for 5 min and the supernatant was collected. Fifty |il of the supernatant was added 
in duplicate to 293 cells grown in 96 well plates at 50% confluence. The 293 cells were 

25 incubated for 72 hr at 37°G, then fixed with a mixture of equal parts of methanol and acetone 
for 10 min. and incubated with FITC-labeled anti-adenovirus monoclonal antibodies 
(Chemicon, Light Diagnostics, Temecuca, GA) for 30 min. Positive nuclear 
inrniunofluorescence was interpreted as positive culture. The sensitivity of the assay was 
evaluated by adding dilutions of Ad2/CFTR-1 to 50 ^il of the lung homogenate from one of 
. 30 the control rats. Viral replication was detected when as little as 1 pfri was added. 

RESULTS 

Efficacv of Ad2/CFTR -1 in the lungs of cotton rats. 

To test the ability of Ad2/CFTR-1 to transfer GFTR cDNA to the intrapuhnonary 
35 airway epithelium, several studies were performed. 4x10 pfii - lU of Ad2/GFTR-1 in 1 00 jil 
was adminstered to seven cotton rats; three control rats received 100 |Lil of TBS (the vehicle 
for the virus). The rats were sacrificed 4, 10 or 14 days later. To detect viral transcripts 
encoding GFTR, reverse transcriptase was used to prepare cDNA from limg homogenates. 
The cDNA was amplified with PGR using primers that span adenovirus and GFTR-encoded 
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sequences. Thus, the procedure did not detect endogenous rat CFTR. Figure 1 6 shows that 
the lungs of animals which received Ad2/CFTR-1 were positive for virally-encoded CFTR 
mRNA. The lungs of all control rats were negative. 

To detect the protein, lung sections were immunostained with antibodies specific to 
5 CFTR. CFTR was detected at the apical membrane of bronchial epithelixmi from all rats 
exposed to Ad2/CFTR-1, but not from control rats. The location of recombinant CFTR at the 
apical membrane is consistent with the location of endogenous CFTR in human airway 
epithelium. Recombinant CFTR was detected above background levels because endogenous 
levels of CFTR in airway epithelia are very low and thus, difficult to detect by 
10 inmiunocytochemistry (Trapnell, B. et al. (1991) Proc. Natl Acad, ScL USA 88:6565-6569; 
Penning, G.M. et aL (1992),/ Cell Biol 118:551-59). 

These results show that Ad2/CFTR-1 directs the expression of CFTR mRNA in the 
limg of the cotton rat and CFTR protein in the intrapulmonary airways. 

15 Safetvof Ad2/ CFTR-1 in cotton rats . 

Because the El region of Ad2 is deleted in the Ad2/CFTR-1 virus, the vector was 
expected to be replication-impaired (Berkner, K-L. (1988) BioTechniques 6:616-629) and that 
it would be unable to shut off host cell protein synthesis (Basuss, L.E. et al. (1989) 1 Virol 
50:202-212). Previous in vitro studies have suggested that this is the case in a variety of cells 

20 including primary cultures of human airway epithelial cells (Rich, D.P. et al. (1 993) Human 
Gene Therapy 4:461 -476). However, it is important to confirm this in vivo in the cotton rat, 
which is the most permissive animal model for human adenovirus infection (Ginsberg, H.S. 
et al. (1989) Proc. Natl Acad. ScL USA 86:3823-3827; Prince, G.A. et al, (1993) J, Virol 
67:101-111). Although dose of virus of 4. 1 x 1 0 1 0 pfiis per kg was used, none of the rats 

25 died. More importantly, extracts from lung homogenates from each of the cotton rats were 
cultured in the permissive 293 cell line. With this assay 1 pfu of recombinant virus was 
detected in lung homogenate. However, virus was not detected by culture in the lungs of any 
of the treated animals. Thus, the virus did not appear to replicate in vivo. 

It is also possible that administration of Ad2/CFTR-1 could cause an inflammatory 
. 30 response, either due to a direct effect of the virus or as a result of administration of viral 
particles. Several studies were performed to test this possibility. None of the rats had a 
change in the total or differential white blood cell count, suggesting that there was no major 
systemic inflammatory response. To assess the pulmonary inflarmnatory response more 
directly, bronchoalveolar lavage was performed on each of the rats (Figures 17A and 17B). 

35 Figure 1 7 A shows that there was no change in the total number of cells recovered from the 
lavage or in the differential cell count. 

Sections of the lung stained by H&E were also prepared. There was no evidence of 
viral inclusions or any other changes characteristic of adenoviral infection (Prince, G.A. et al. 
(1993) J, Virol 67:101-1 1 1). When coded lung sections were evaluated by a skilled reader 
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who was unaware of which sections were treated, she was unable to distinguish between 
sections from the treated and untreated lungs. 

It seemed possible that the recombinant adenovirus could escape from the lung into 
other tissues. To test for this possibility, other organs from the rats were evaluated using 
5 nested PGR to detect viral DNA. All organs tested from infected rats were negative, with the 
exception of small bowel which was positive in 3 of 7 rats. Figure 1 8 shows the results of 2 
infected rats and one control rat sacrificed on day 4 after infection. The organ homogenates 
from the infected rats sacrificed were negative for Ad2/CFTR-1 with the exception of the 
small bowel. Organ homogenates from control rats sacrificed on day 4 after infection were 

10 negative for Ad2/CFTR-1 . The presence of viral DNA in the small bowel suggests that the 
rats may have swallowed some of the virus at the time of instillation or, alternatively, the 
normal airway clearance mechanisms may have resulted in deposition of viral DNA in the 
gastrointestinal tract. Despite the presence of viral DNA in homogenates of small intestine, 
none of the rats developed diarrhea. This result suggests that if the virus expressed CFTR in 

1 5 the intestinal epithelium, there was no obvious adverse consequence. 

Repeat administration of Ad2/CFTR-1 to cotton rats 

Because adenovirus DNA integration into chromosomal DNA is not necessary for 
gene expression and only occurs at very low frequency, expression following any given 

20 treatment was anticipated to be finite and that repeated administration of recombinant 

adenovirus would be required for treatment of CF airway disease. Therefore, the effect of 
repeated administration of Ad2/CFTR-1 cotton rats was examined. Twelve cotton rats 
received 50 ^1 of Ad2/CFTR-1 . Two weeks later, 9 of the rats received a second dose of 50 |j. 
1 of Ad2/CFTR-1 and 3 rats received 50 ^1 of TBS. Rats were sacrificed on day 3, 7, or 14 

25 afrer virus administration. At the time of the second vector administration all cotton rats had 
an increased antibody titer to adenovirus. 

After the second intrapxilmonary administration of virus, none of the rats died. 
Moreover, the results of studies assessing safety and efficacy were similar to results obtained 
in animals receiving adenovirus for tiie first time. Viral cultures of rat lung homogenates on 

30 293 cells were negative at all time points, suggesting that there was no virus replication. 
There was no difference between treated and control rats in the total or differential white 
blood coxmt at any of the time points. The limgs were evaluated by histologic sections 
stained with H&E; and found no observable differences between the control and treated rats 
when sections were read by us or by a blinded skilled reader. Examples of some sections are 

35 shown in Figure 1 9, When organs were examined for viral DNA using PGR, viral DNA was 
found only in the small intestine of 2 rats. Despite seropositivity of the rats at the time of the 
second administration, expression of CFTR (as assessed by RT-PCR and by 
immunocytochemistry of sections stained vsdth CFTR antibodies) similar to that seen in 
animals that received a single administration was observed. 
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These results suggest that prior admmistration of Acl2/CFTR-1 and the development 
of an antibody response did not cause an inflammatory response in the rats nor did it prevent 
virus-dependent production of CFTR. 

5 Evidence that Ad2/CFTR>1 expresses CFTR in primate ainvav epithelium 

The cells lining the respiratory tract and the immune system of primates are similar to 
those of humans. To test the ability of Ad2/CFTR-1 to transfer CFTR to the respiratory 
epithelium of primates, Ad2/CFTR was applied on three occasions as described in the 
methods to the nasal epithelium of three Rhesus monkeys. To obtain cells from the 
1 0 respiratory epithelium, the epithelium was brushed using a procedure similar to that used to 
sample the airway epithelium of hiraians during fiberoptic bronchoscopy. 

To assess gene transfer, RT-PCR was used as described above for the cotton rats. RT 
- PGR was positive on cells brushed from the right nostril of all three monkeys, although it 
was only detectable for 1 8 days after virus administration. An example of the results are 
15 sho\yn in Figure 20A. The presence of a positive reaction in cells from the left nostril most 
likely represents some virus movement to the left side due to drainage, or possibly from the 
monkey moving the virus from one nostril to the other with its fingers after it recovered from 
anesthesia. 

The specificity of the RT-PCR is shown in Figure 20B. A Southern blot with a probe 
20 to CFTR hybridized with the RT-PCR product from the monkey infected with Ad2/CFTR-1 . 
As a control, one monkey received a different virus (Ad2/pGaI-l) which encodes P- 
galactosidase. When different primers were used to reverse transcribe the p-galactosidase 
mRNA and amplify the cDNA, the appropriate PCR product was detected. However, the 
PGR product did not hybridize to the GFTR probe on Southern blot. This result shows the 
25 specificity of the reaction for amplification of the adenovirus-directed GFTR transcript. 

The failure to detect evidence of adenovirus-encoded GFTR mRNA at 1 8 days or 
beyond suggests that the sensitivity of the RT-PCR may be low because of limited efiScacy of 
the reverse transcriptase or because RNAses may have degraded RNA after cell acquisition. 
Viral DNA, however, was detected by PCR in brushings fix)m the nasal epithelium for 
• 30 seventy days after application of the virus. This result indicates that although mRNA was not 
detected after 2 weeks, viral DNA was present for a prolonged period and may have been 
transcriptionally active. 

To assess the presence of GFTR proteins directly, cells obtained by brushing were 
plated onto slides by cytospin and stained with antibodies to CFTR. Figure 21 shows an 
35 example of the immunocytochemistry of the brushed cells. A positive reaction is clearly 
evident in cells exposed to Ad2/CFTR-1 . The cells were scored as positive by 
immunocytochemistry when evaluated by a reader uninformed to the identity of the samples. 
Immunocytochemistry remained positive for five to six weeks for the three monkeys, even 
after the second administration of Ad2/CFTR-1 . On occasion, a few positive staining cells 
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were observed from the contralateral nostril of the monkeys. However, this was of short 
duration, lasting at most one week. 

Sections of nasal turbinate biopsies obtained v^thin a week after the third infection 
were also examined. In sections from the control monkey, little if any immunofluorescence 
5 from the surface epithelium was observed, but the submucosal glands showed significant 
staining of CFTR (Fig. 22). These observations are consistent with results of previous 
studies (Engelhardt, J.F. and Wilson, J.M. (1992) Nature Gen, 2:240-248.) In contrast, 
sections from monkeys that received Ad2/CFTR-1 revealed increased immunofluorescence at 
the apical membrane of the surface epithelium. The submucosal glands did not appear to 
1 0 have greater unmunostraining than was observed under control conditions. These results 
indicate that Ad2/CFTR-1 can transfer the CFTR cDNA to the airway epithelium of Rhesus 
monkeys, even in seropositive animals (see below). 

Safety of Ad2/CFTR-1 administered to monkevs 

1 5 Figure 23 shows that all three treated monkeys developed antibodies against 

adenovirus. Antibody titers measured by ELISA rose within two weeks after the first 
infection. With subsequent infections the titer rose within days. The sentinel monkey had 
low antibody titers throughout the experiment. Tests for the presence of neutralizing 
antibodies were also perfonned. After the first administration, neutralizing antibodies were 

20 not observed, but they were detected after the second administration and during the third viral 
administration (Fig. 23). 

To detect virus, supematants from nasal brushings and swabs were cultured on 293 
cells. All monkeys had positive cultures on day 1 and on day 3 or 4 from the mfected nostril. 
Cultures remained positive in one of the monkeys at seven days after administration, but 

25 cultures were never positive beyond 7 days. Live virus was occasionally detected in swabs 
from the contra lateral nostril during the first 4 days after infection. The rapid loss of 
detectable virus suggests that there was not viral replication. Stools were routinely cultured, 
but virus was never detected in stools from any of the monkeys. 

None of the monkeys developed any clinical signs of viral infection or inflammation. 

30 Visual inspection of the nasal epithelium revealed slight erythema in all three monkeys in 
both nostrils on the first day after infection; but similar erythema was observed in the control 
monkey and likely resulted from the instrumentation. There was no visible abnormalities at 
days 3 or 4, or on weekly inspection thereafter. Physical examination revealed no fever, 
lymphadenopathy, conjunctivitis, tachypnea, or tachycardia at any of the time points. No 

35 abnormalities were found in a complete blood count or sedimentation rate, nor were 
abnormalities observed in serum electrolytes, transaminases, or blood urea nitrogen and 
creatinine. 

Examination of Wright-stained cells from the nasal brushings showed that neutrophils 
and lymphocytes accounted for less than 5% of total cells in all three monkeys. 
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Administration of the Ad2/CFTR- 1 caused no change in the distribution or number of 
inflammatory cells at any of the time points following virus administration. H&E stains of 
the nasal turbinate biopsies specimens from the control monkey could not be differentiated 
from that of the experimental monkey when the specimens were reviewed by an independent 
5 pathologist. (Fig. 24) 

These results demonstrate the ability of a recombinant adenovirus encoding CFTR 
(Ad2/CFTR-1) to express CFTR cDNA in the airway epithelium of cotton rats and monkeys 
during repeated administration. They also indicate that application of the vmis involves little 
if any risk. Thus, they suggest that such a vector may be of value in expressing CFTR in the 

1 0 airway epithelium of humans with cystic fibrosis. 

Two methods were used to show that Ad2/CFTR-1 expresses CFTR in the airway 
epithelium of cotton rats and primates: CFTR mRNA was detected using RT-PCR and 
protein was detected by immunocytochemistry. Duration of expression as assessed 
immunocytochemically was five to six weeks. Because very little protein is required to 

15 generate CI' secretion (Welsh, M.J. (1987) Physiol. Rev, 67:1 143-1 184; Trapnell, B.C. et al. 

(1991) Proc. Natl Acad Sci, USA 88:6565-6569; Denning, G.M. et al. (1992) J. Cell BioL 
1 1 8:55 1-559), it is likely that functional expression of CFTR persists substantially longer 
than the period of time during which CFTR was detected by immunocytochemistry. Support 
for this evidence comes born two consderations: first, it is very difficult to detect CFTR 

20 immuncytochemically in the airway epithelium, yet the expression of an apical membrane 
CI " permeability due to the presence of CFTR CI" channels is readily detected. The ability 
of a minimal amount of CFTR to have important functional effects is likely a result of the 
fact that a single ion channel conducts a very large number of ions (10^ - 10^ ions/sec). 
Thus, ion charmels are not usually abundant proteins in epithelia. Second, previous work 

25 suggests that the defective electrolyte transport of CF epithelia can be corrected when only 6- 
10% of cells in a CF airway epithelium overexpress wild-type CFTR (Johnson, L.G. et al. 

(1992) Nature Gen 2:21-25). Thus, correction of the biologic defect in CF patients may be 
possible when only a small percent of the cells express CFTR. This is also consistent with 
our previous studies in vitro showing that Ad2/CFTR-1 at relatively low multiplicities of 

30 infection generated a cAMP-stimulated CI" secretory response in CF epithelia (Rich, D.P. et 
al. (1993) Human Gene Therapy 4:461-476). 

This study also provides the first comprehensive data on the safety of adenovirus 
vectors for gene transfer to airway epithelium. Several aspects of the studies are 
encouraging. There was no evidence of viral replication, rather infectious viral particles were 

35 rapidly cleared from both cotton rats and primates. These data, together with our previous in 
vitro studies, suggest that replication of recombinant virus in humans will likely not be a 
problem. The other major consideration for safety of an adenovirus vector in the treatment of 
CF is the possibility of an inflammatory response. The data indicate that the virus gerierated 
an antibody response in both cotton rats and monkeys. Despite this, no evidence of a 
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systemic or local inflanunatory response was observed. The cells obtained by 
bronchoalveolar lavage and by brushing and swabs were not altered by virus application. 
Moreover, the histology of epithelia treated with adenovirus was indistinguishable from that 
of control epithelia. These data suggest that at least three sequential exposures of airway 
5 epithelium to adenovirus does not cause a detrimental inflammatory response. 

These data suggest that Ad2/CFTR-1 can effectively transfer CFTR cDNA to airway 
epithelium and direct the expression of CFTR. They also suggest that transfer is relatively 
safe in animals. Thus, they suggest that Ad2/CFTR-1 may be a good vector for treating 
patients with CF. This was confirmed in the following example. 

10 

Example 10 - CFTR Gene Therapy in Nasal Epithelia from Human CF Subjects 
EXPERIMENTAL PROCEDURES 

IS Adenovirus vector 

The recombinant adenovirus Ad2/CFTR-1 was used to deliver CFTR cDNA. The 
construction and preparation of Ad2/CFTR-1, and its use in vitro and in vivo in animals, has 
been previously described (Rich, D.P. et al. (1993) Human.Gene Therapy 4:461-476; Zabner, 
J. et al. (1993) Nature Gen. (in press)). The DNA construct comprises a foil length copy of 

20 the Ad2 genome from which the early region 1 genes (nucleotides 546 to 3497) have been 
replaced by cDNA for CFTR. The viral Ela promoter was used for CFTR cDNA; this is a 
low to moderate strength promoter. Termination/polyadenylation occurs at the site normally 
used by El b and protein IX transcripts. The E3 region of the virus was conserved. 

25 Patignt? 

Three patients with CF were studied. Genotype was determined by IG Labs 
(Framingham, MA). All three patients had mild CF as defined by an NIH score > 70 
(Taussig, L.M. et al. (1973) Pediatr, 82:380-390), a normal weight for height ratio, a 
forced expiratory volume in one second (FEVl) greater than 50% of predicted and an arterial 
. 30 PO2 greater than 72. All patients were seropositive for type 2 adenovirus, and had no recent 
viral illnesses. Pretreatment cultures of nasal swabs, pharyngeal swabs, sputum, urine, stool, 
and blood leukocytes were negative for adenovirus. PGR of pretreatment nasal brushings 
using primers for the adenovirus El region were negative. Patients were evaluated at least 
twice by FEVl, cytology of nasal mucosa, visual inspection, and measurement of before 
35 treatment. Prior to treatment, a coronal computed tomographic scan of the paranasal sinuses 
and a chest X-ray were obtained. 

The first patient was a 21 year old woman who was diagnosed at 3 months after birth. 
She had pancreatic insufficiency, a positive sweat chloride test (101 mEq/l), and is 
homozygous for the AF508 mutation. Her NIH score was 90 and her FEVl was 83% 
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predicted. The second patient was a 36 year old man who was diagnosed at the age of 1 3 
when he presented with symptoms of pancreatic insufficiency. A sweat chloride test revealed 
a chloride concentration of 70 mEq/I. He is a heterozygote with the AF508 and G55ID 
mutations. His NIH score was 88 and his FEVI was 66% predicted. The third patient was a 
5 50 year old woman, diagnosed at the age of 9 with a positive sweat chloride test ( 1 04 mEq/1 ). 
She has pancreatic insufiGciency and msulin dependent diabetes mellitus. She is homozygous 
for the AF508 mutation. Her NIH score was 73 and her FEVI was 65% predicted. 

Transepithelial vnltage 
10 The transepithelial electric potential difference across the nasal epithelium was 

measured using techniques similar to those previously described (Alton, E. W.F.W. et al 
(1987) Thorax 42:815-817; Knowles, M. et al. (1981) K Eng. 1 Med, 305:1489-1495). A 23 
gauge subcutaneous needle connected with sterile normal salme solution to a silver/silver 
chloride pellet (E. W. Wright, Guilford, CT) was used as a reference electrode. The exploring 

15 electrode was a size 8 rubber catheter (modified Argyle^ Foley catheter, St. Louis, MO) with 
one side hole at the tip. The catheter was filled with Ringer's solution containing (in mM), 
135 NaCl, 2.4 KH2PO2, K2HPO4, 1.2CaCL2, 1.2 MgCl2 and 10 Hepes (titrated to pH 7.4 
with NaOH) and was connected to a silver/silver chloride pellet. Voltage was measxired with 
a voltmeter (Keithley Instruments Inc., Cleveland, OH) connected to a strip chart recorder 

20 (Servocorder, Watanabe Instruments, Japan). Prior to the measurements, the silver/silver 
chloride pellets were connected in series with the Ringer's solution; the pellets were changed 
if the recorded was greater than ±4 mV. The rubber catheter was introduced into the 
nostril under telescopic guidance (Hopkins Telescope, Karl Storz, Tuttlingen West Germany) 
and the side hole of the catheter was placed next to the study area in the medical aspect of the 

25 inferior nasal turbinate. The distance fi-om the anterior tip of the inferior turbinate and the 
spatial relationship with the medial turbinate, the maxillary sinus ostium, and in one patient a 
small polyp, were used to locate the area of Ad2/CFTR-1 administration for measurements. 
Photographs and video recorder images were also used. Basal Vt was recorded until no 
changes in were observed after slow intermittent 1 00 ^l/nun infiision of the Ringer's 

30 solution. Once a stable baseline was achieved, 200 ^1 of a Ringer's solution containing 1 00 p 
M amiloride (Merck and Co. Inc., West Point, PA) was instilled through the catheter and 
changes in were recorded until no further change were observed after intermittent 
instillations. Finally, 200 ^1 Ringer's solution containing 100 |xM amiloride plus 10 yM 
terbutaline (Geigy Pharmaceuticals, Ardsley, NY) was instilled and the changes in were 

35 recorded. 

Measurements of basal were reproducible over time: in the three treated patients, 
the coefficients of variation before administration of Ad2/CFTR-1 were 3.6%, 12%, and 
12%. The changes induced by terbutaline were also reproducible. In 30 measurements in 9 
CF patients, the terbutaline-induced changes in Vt (AVt) ranged from 0 mV to +4 mV; 
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hyperpolarization of was never observed. In contrast, in 7 normal subjects AVt ranged 
from -1 mV to -5 mV; hyperpolarization was always observed. 



Ad2/CFTR>1 application and ce ll acquisition 
5 The patients were taken to the operating room and monitoring was commenced using 

continuous EKG and pulse oximetry recording as well as automatic intermittent blood 
pressure measurement. After mild sedation, the nasal mucosa was anesthetized by atomizing 
0.5 ml of 5% cocaine. The mucosa in the area of the inferior turbinate was then packed with 
cotton pledgets previously soaked in a mixture of 2 ml of 0.1% adrenaline and 8 ml of 1% 

10 tetracaine. The pledgets remained in place for 10-40 min. Using endoscopic visualization 
with a television monitoring system, the applicator was introduced through the nostril and 
positioned on the medial aspect of the inferior turbinate, at least three centimeters from its 
anterior tip (Figures 25A-25I). The viral suspension was infiised into the applicator through 
connecting catheters. The position of the applicator was monitored endoscopically to ensure 

1 5 that it did not move and that enough pressure was applied to prevent leakage. After the virus 
was in contact with the nasal epithelium for thirty minutes, the viral suspension was removed, 
and the applicator was withdrawn. In the third patient's right nasal cavity, the virus was 
applied using the modified Foley catheter used for Vt measurements. The catheter was 
introduced vsdthout anesthetic under endoscopic guidance until the side hole of the catheter 

20 was in contact with the area of interest in the inferior turbinate. The viral solution was 

infrised slowly imtil a drop of solution was seen with the telescope. The catheter was left in 
place for thirty minutes and then removed. 

Cells were obtained from the area of virus administration approximately 2 weeks 
before treatment and then at weekly intervals after treatment. The inferior turbinate was 

25 packed for 10 minutes with cotton pledgets previously soaked in 1 ml of 5% cocaine. Under 
endoscopic control, the area of administration was gently brushed for 5 seconds. The brushed 
cells were dislodged in PBS. Swabs of the nasal epithelia were collected using cotton tipped 
applicators without anesthesia. Cytospin slides were prepared and stained with Wright's 
stain. Light microscopy was used to assess the respiratory epithelial cells and inflammatory 

30 cells. For biopsies, sedatives/anesthesia was administered as described for the application 
procedure. After endoscopic inspection, and identification of the site to be biopsied, the 
submucosa was injected with 1% xylocaine, with 1/100,000 epinephrine. The area of virus 
application on the inferior turbinate was removed. The specimen was fixed in 4% 
formaldehyde and stained. 

35 

RESULTS 

On day one after Ad2/CFTR-1 administration and at all subsequent time points, 
Ad2/CFTR-1 from the nasal epithelium, pharynx, blood, urine, or stool could not be cultured. 
As a control for the sensitivity of the culture assay, samples were routinely spiked v^th 10 
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and 100 lU Ad2/CFTR-1 . In every case, the spiked samples were positive, indicating that, at 
a minimum, 10 lU of Ad2/CFTR should have been detected. No evidence of a systemic 
response as assessed by history, physical examination, serum chemistries or cell counts, chest 
and sinus X-rays, pulmonary function tests, or arterial blood gases performed before and after 
5 Ad2/CFTR-1 administration. An increase in antibodies to adenovirus was not detectable by 
ELISA or by neutralization for 35 days after treatment. 

Three to four hours after Ad2/CFTR-1 administration, at the time that local anesthesia 
and localized vasoconstriction abated, all patients began to complain of nasal congestion and 
in one case, mild rhinorrhea. These were isolated symptoms that diminished by 18 hours and 

1 0 resolved by 28 to 42 hours. Inspection of the nasal mucosa showed mild to moderate 

erythema, edema, and exudate (Figures 25A-25C). These physical findings followed a time 
course similar to the symptoms. The physical findings were not limited to the site of virus 
application, even though preliminary studies using the applicator showed that marker 
methylene blue was limited to the area of application. In two additional patients vwth CF, the 

15 identical anesthesia and application procedure were used, but saline was applied instead of 
virus, yet the same symptoms and physical findings were observed in these patients (Figures 
25G-25I). Moreover, the local anesthesia and vasoconstriction generated similar changes 
even when the applicator was not used, suggesting that the anesthesia/vasoconstriction caused 
some, if not all the injury. Twenty-four hours after the application procedure, analysis of 

20 ceils removed fiom nasal swabs revealed an equivalent increase in the percent neutrophils in 
patients treated with Ad2/CFTR-1 or with salme. One week after application, the 
neutrophilia had resolved in both groups. Respiratory epithelial cells obtained by nasal 
brushing appeared normal at one week and at subsequent time points, and shov/ed no 
evidence of inclusion bodies. To fiirther evaluate the mucosa, the epithelium was biopsied on 

25 day three in the first patient and day one in the second patient. Independent evaluation by 
two pathologists not otherwise associated with the study suggested changes consistent with 
mild trauma and possible ischemia (probably secondary to the anesthetic/vasoconstrictors 
used before virus administration), but there were no abnormalities suggestive of virus- 
mediated damage. 

30 Because the application procedure produced some mild injury in the first two patients, 

the method of administration was altered in the third patient. The method used did not 
require the use of local anesthesia or vasoconstriction and which was thus less likely to cause 
injury, but which was also less certain in its ability to constrain Ad2/CFTR-1 in a precisely 
defined area. On the right side, Ad2/CFTR-1 was administered as in the first two patients, 

35 and on the left side, the virus was administered without anesthesia or the applicator, instead 
using a small Foley catheter to apply and maintain Ad2/CFTR-1 in a relatively defined area 
by surface tension (Figure 25E), On the right side, the symptoms and physical findings were 
the same as those observed in the first two patients. By contrast, on the left side there were 
no symptoms and on inspection the nasal mucosa appeared normal (Figures 25D-25F). Nasal 
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swabs obtained from the right side showed neutrophilia similar to that observed in the first 
two patients. In contrast, the left side which had no anesthesia and minimal manipulation, 
did not develop neutrophilia. Biopsy of the left side on day 3 after administration (Figure 
26), showed morphology consistent with CF~ a thickened basement membrane and 
5 occasional polymorphonuclear ceils in the submucosa- but no abnormalities that could be 
attributed to the adenovirus vector. 

The first patient developed symptoms of a sore throat and increased cough that began 
three weeks after treatment and persisted for two days. Six weeks after treatment she 
developed an exacerbation of her bronchitis/bronchiectasis and hemoptysis that required 

1 0 hospitalization. The second patient had a transient episode of minimal hemoptysis three 
weeks after treatment; it was not accompanied by any other symptoms before or after the 
episode. The third patient has an exacerbation of bronchitis three weeks after treatment for 
which she was given oral antibiotics. Based on each patient's pretreatment clinical history, 
evaluation of the episodes, and viral cultures, no evidence could be discerned that linked 

15 these episodes to administration of Ad2/CFTR-L Rather the episodes appeared consistent 
v^th the normal course of disease in each individual. 

The loss of CFTR Cl~ channel fimction causes abnormal ion transport across affected 
epithelia, which in turn contributes to the pathogenesis of CF-associated airway disease 
(Boat, T.F. et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., 

20 McGraw-Hill, New York (1 989); Quinton, P.M. (1990) FASEB J. 4:2709-2717). In airway 
epithelia, ion transport is dominated by two electrically conductive processes: amiloride- 
sensitive absorption of Na*^ fi-om the mucosal to the submucosal surface and cAMP- 
stimulated CI" secretion in the opposite direction. (Quinton, P.M. (1990) FASEB J. 4:2709- 
2717; Welsh, M.J. (1987) PhysioL Rev. 67:1143-1 1 84). These two transport processes can be 

25 assessed noninvasively by measuring the voltage across the nasal epithelium (V^ in vivo 
(Knowles, M. et al (1981) K Eng, 1 Med. 305:1489-1495; Alton. E.W.F.W. et al.(1987) 
Thorax 42:815-817). Figure 27 shows an example from a normal subject. Under basal 
conditions, Vt was electrically negative (lumen referenced to the submucosal surface). 
Perftision of amiloride (100 ^iM) onto the mucosal surface inhibited by blocking apical 

30 Na^ channels (Knowles, M. et al (1981) A^. Eng. 1 Med. 305:1489-1495; Quinton, P.M. 
{m^)FASEBJ, ^\Tim'll\l\ Welsh, M.J. (1992) l^euron 8:821-829). Subsequent 
perftision of terbutaline (10 ^M) a P-adrenergic agonist, hyperpolarized by increasing 
cellular levels of cAMP, opening CFTR CI* channels, and stimulating chloride secretion 
(Quinton, P.M. (1990) FASEB J, Aam-llM^ Welsh, M.J. et al. (1992) Neuron 8:821-829). 

35 Figure 28A shows results fi"om seven normal subjects: basal Vt was -10.5 ± l.OmV, and in 
the presence of amiloride, terbutaline hyperpolarized by -2.3 ± 0.5mV. 

In patients with CF, was more electrically negative than in normal subjects (Figure 
28B), as has been previously reported (Knowles, M. et al (1981) A^. Eng. J. Med. 305:1489- 
1495). Basal Vt was -37.0 ± 2.4 mV, much more negative than values in normal subjects (P< 
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0.001 ). (Note the difference in scale in Figure 28A and Figure 28B). Amiloride inhibited Vt, 
as it did in normal subjects. However, Vt failed to hyperpolarize when terbutaline was 
perfused onto the epithelium in the presence of amiloride. Instead, either did not change 
or became less negative: on average depolarized by +1 ,8 ± 0.6 mV, a result very different 
5 from that observed in normal subjects. (P<0.001). 

After Ad2/CFTR-] was applied, basal Vt became less negative in all three CF 
patients: Figure 29A shows an example from the third patient before (Figure 29A) and after 
(Figure 29B) treatment and Figures 30A, 30C, and 30E show the time course of changes in 
basal Vt for all three patients. The decrease in basal Vt suggests that application of 

1 0 Ad2/CFTR- 1 corrected the CF electolyte transport defect in nasal epithelium of all three 
patients. Additional evidence came from an examination of the response to terbutaline. 
Figure SOB shows that in contrast to the response before Ad2/CFTR-1 was applied, after 
virus replication, in the presence of amiloride, terbutaline stimulated Vt- Figures 30B, 30D, 
and 30F show the time course of the response. These data indicate that Ad2/CFTR-1 

1 5 corrected the CF defect in CI" transport. Correction of the CI" transport defect cannot be 
attributed to the anesthesia/application procedure because it did not occur in patients treated 
with saline instead of Ad2/CFTR-1 (Figure 31). Moreover, the effects of the anesthesia were 
generalized on the nasal mucosa, but basal Vt decreased only in the area of virus 
administration. Finally, similar changes were observed in the left nasal mucosa of the third 

20 patient (Figures 30E and 30F), which had no symptomatic or physical response after the 
modified application procedure. 

Unsuccessfixl attempts were made to detect CFTR transcripts by reverse transciptase- 
PCR and by immunocytochemistry in cells from nasal brushings and biopsies. Although 
similar studies in animals have been successfiil (Zabner, J. et al. (1993) Nature Gen. (in 

25 press)), those studies used much higher doses of Ad2/CFTR-1. The lack of success in the 
present case likely reflects the small amount of available tissue, the low MOI, the fact that 
only a fraction of cells may have been corrected, and the fact that Ad2/CFTR-1 contains a 
low to moderate strength promoter (Ela) which produces much less mRNA and protein than 
comparable constructs using a much stronger CMV promoter (unpublished observation). The 
'30 Ela promoter was chosen because CFTR nonnally expressed at very low levels in airway 
epithelial cells (Trapnell, B.C. et al. (1991) Proc. Natl Acad. Set USA 88:6565-6569). It is 
also difficult to detect CFTR protein and mRNA in normal human airway epithelia, although 
fiinction is readily detected because a single ion channel can conduct a very large number of 
ions per second and thus efficiently support C 1 " transport. 

35 With time, the electrical changes that indicate correction of the CF defect reverted 

toward pretreatment values. However, the basal Vt appeared to revert more slowly than did 
the change in Vt produced by terbutaline. The significance of this difference is unknown, but 
it may reflect the relative sensitivity of the two measurements to expression of normal CFTR. 
In any case, this study was not .designed to test the duration of correction because the treated 
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area was removed by biopsy on one side and the nasal, mucosa on the other side was brushed 
to obtain cells for analysis at 7 to 10 days after virus administration, and then at 
approximately weekly intervals. Brushing the mucosa removes cells, disrupts the epithelium, 
and reduces basal to zero for at least two days afterwards, thus preventing an accurate 
5 assessment of duration of the effect of Ad2/CFTR-1 . 

EfHcacv of ad enovinis^mediated gene transfer. 

The major conclusion of this study is that in vivo application of a recombinant 
adenovirus encoding CFTR can correct the defect in airway epithelial CI" transport that is 

1 0 characteristic of CF epithelia. 

Complementation of the CI' channel defect in human nasal epithelium could be 
measured as a change in basal voltage and as a change in the response to cAMP agonists. 
Although the protocol was not designed to establish duration, changes in these parameters 
were detected for at least three weeks. These results represent the fu-st report that 

1 5 administration of a recombinant adenovirus to hxmians can correct a genetic lesion as 
measured by a ftmctional assay. This study contrasts with most earlier attempts at gene 
transfer to himians, in that a recombinant viral vector was administered directly to humans, 
rather than using a in vitro protocol mvolving removal of cells from the patient, transduction 
of the cells in culture, followed by reintroduction of the cells into the patient. 

20 Evidence that the CF C 1 " transport defect was corrected at all three doses of virus, 

corresponding to 1, 3, and 25 MOI, was obtained. This result is consistent with earlier 
studies showing that similar MOIs reversed the CF fluid and electrolyte transport defects in 
primary cultures of CF airway cells grown as epithelia on permeable filter supports (Rich, 
D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 

25 publication): at an MOI of less than 1, cAMP-stimulated CI" secretion was partially restored, 
and after treatment with 1 MOI Ad2/CFTR-1 cAMP agonists stimulated fluid secretion that 
was within the range observed in epithelia from normal subjects. At an MOI of 1 , a related 
adenovirus vector produced P-galactosidase activity in 20% of infected epithelial cells as 
assessed by fluorescence-activated cell analysis (Zabner et al. submitted for publication). 

30 Such data would imply that pharmacologic dose of adenovuiis in CF airways might 

correspond to an MOI of one. If it is estimated that there are 2x1 0^ cells/cm^ in the airway 
(Mariassy, A.T. in Comparative Biology of the Normal Lung (CRC Press, Boca Raton 1992), 
and that the airways from the trachea to the respiratory bronchioles have a surface area of 
1 400 cm-^ (Weibel, E.R. Morphometry of the Human Lung (Springer Verlag, Heidelberg, 

35 1 963) then there would be approximately 3x1 0^ potential target cells. Assuming a particle to 
lU ratio of 100, this would correspond to approximately 3x10^ ^ particles of adenovirus with 
a mass of approximately 75 ng. While obviously only a crude estimate, such information is 
usefiil in designing animal experiments to establish the likely safety profile of a himian dose. 
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It is possible that an efficacious MOI of recombinant adenovirus could be less than 
the lowest MOI tested here. Some evidence suggests that not all cells in an epithelial 
monolayer need to express CFTR to correct the CF electrolyte transport defects. Mixing 
experiments showed that when perhaps 5-10% of cells overexpress CFTR, the monolayer 
5 exhibits wild-type electrical properties (Johnson, L.G. et al. (1992) Nature Gen. 2:21-25). 
Studies using liposomes to express CFTR in mice bearing a disrupted CFTR gene also 
suggest that only a small proportion of cells need to be corrected (Hyde, S.C. et al. (1993) 
Nature 362:250-255). The results referred to above using airway epithelial monolayers and 
multiplicities of Ad2/CFTR-1 as low as 0.1 showed measurable changes in CI" secretion 
10 (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 
publication). 

Given the very high sensitivity of electrolyte transport assays (which result because a 
single CI" charmel is capable of transporting large numbers of ions/sec) and the low activity 
of the El a promoter used to transcribe CFTR, the inability to detect CFTR protein and CFTR 

1 5 mRNA are perhaps not surprising. Although CFTR mRNA could not be detected by reverse 
transcriptase-PCR, Ad2/CFTR-1 DNA could be detected in the samples by standard PCR , 
demonstrating the presence of input DNA and suggesting that the reverse transcriptase 
reaction may have been suboptimal. This could have occurred because of factors in the tissue 
that inhibit the reverse transcriptase. Although there is little doubt that the changes in 

20 electrolyte transport measured here result from expression of CFTR, it remains to be seen 
whether this will lead to measurable clinical changes in lung function. 

Safetv considerations. 

Application of the adenovirus vector to the nasal epithelium in these three patients 
25 was well-tolerated. Although mild inflammation was observed in the nasal epithelium of all 
three patients foUovwng administration of Ad2/CFTR-1, similar changes were observed in 
two volunteers who underwent a sham procedure using saline rather than the viral vector. 
Clearly a combination . of anesthetic- and procedure-related trauma resulted in the changes in 
the nasal mucosa. There is insufficient evidence to conclude that no inflammation results 
, 30 from virus administration. However, using a modified administration of the highest MOI of 
virus tested (25 MOI) in one patient, no inflammation was observed under conditions that 
resulted in evidence of biophysical efficacy that lasted until the area was removed by biopsy 
at three days. 

There was no evidence of replication of Ad2/CFTR-1 . Earlier studies had established 
35 that replication of Ad2/CFTR-1 in tissue culture and experimental animals is severely 

impaired (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, J. et al. (1993) 
Nature Gen, (in press)). Replication only occurs in cells that supply the missing early 
proteins of the El region of adenovirus, such as 293 cells, or under conditions where the El 
region is provided by coinfection with or recombination with an El -containing adenovirus 
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(Graham, F.L. and Prevec, L. Vaccines: New Approaches to Immunological Problems (R.W. 
Ellis, ed., Boston, Butterworth-Heinermann, 1992); Berkner, K.L. (1988) Biotechniques 
6:616-629). The patients studied here were seropositive for adenovirus types 2 and 5 prior to 
the study v^ere negative for adenovirus upon culture of nasal swabs prior to administration of 
5 Ad2/CFTR-1, and were shown by PGR methods to lack endogenous El DNA sequences such 
as have been reported in some human subjects (Matsuse T. et al. (1992) Am, Rev, Respir Dis, 
146:177-184). 

Example 1 1 - Construfftion and Paclcaging of PsCTdo Adenoviya} V^ptor (PAV) 

1 0 With reference to Figure 32, the PAV construct was made by inserting the Ad2 

packaging signal and El enhancer region (0-358 nt) in Bluescript II SK- (Stratagene, LaJoUa, 
CA). A variation of this vector, known as PAV II was constructed similarly, except the Ad2 
packaging signal and El enhancer region contained 0-380 nt. The addition of nucleotides at 
the 5' end results in larger PAVs, which may be more efficiently packaged, yet would include 

15 more adenoviral sequences and therefore could potentially be more immunogenic or more 
capable of replicating. 

To allow ease of manipulation for either the insertion of gene coding regions or 
complete excision and use in transfections for the purpose of generating infectious particles, a 
complementary plasmid was also built in pBluescript SKII-. This complementary plasmid 

20 contains the Ad2 major late promoter (ML?) and tripartite leader (TPL) DNA and an SV40 
T-antigen nuclear localization signal (NLS) and polyadenylation signal (SVpA). As can be 
seen in Figure 32, this plasmid contains a convenient restriction site for the insertion of genes 
of interest between the MLP/TPL and SV40 poly A. This construct is engineered such that 
the entire cassette may be excised and inserted into the former PAV I or PAV II construct. 

25 Generation of PAV infectious particles was performed by excision of PAV from the 

plasmid with the Apa I and Sm U restriction endonucleases and co-transfection into 293 cells 
(an Ela/Elb expressing cell line) (Graham, F.L. et al, (1977) J. Gen Virol 36:59-74) with 
either wild-type Ad2, or packaging/replication deficient helper virus. Purification of PAV 
from helper can be accompanied by CsCl gradient isolation as PAV viral particles will be of a 

30 lower density and will band at a higher position in the gradient. 

For gene therapy, it is desirable to generate significant quantities of PAV virion fi-ee 
from contaminating helper virus. The primary advantage of PAV over standard adenoviral 
vectors is the ability to package large DNA inserts into virion (up to about 36 kb). However, 
PAV requires a helper virus for replication and packaging and this helper virus will be the 

35 predominant species in any PAV preparation. To increase the proportion of PAV in viral 
preparation several approaches can be employed. For example, one can use a helper virus 
which is partially defective for packaging into virions (either by virtue of mutations in the 
packaging sequences (Grable, M. and Hearing P. (1992) J. Virol. 66: 723-73 1)) or by virtue 
of its size -viruses with genome sizes greater than approximately 37.5 kb package 
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inefficiently. In mixed infections with packaging defective virus, PAV would be expected to 
be represented at higher levels in the virus mixture than would occur with non-packaging 
defective helper viruses. 

Another approach is to make the helper virus dependent upon PAV for its own 
5 replication. This may most easily be accomplished by deletmg an essential gene from the 
helper virus (e.g. IX or a terminal protein) and placing that gene in the PAV vector. In this 
way neither PAV nor the helper virus is capable of independent replication - PAV and the 
helper virus are therefore co-dependent. This should result in higher PAV representation in 
the resulting virus preparation. 

1 0 A third approach is to develop a novel packaging cell line, which is capable of 

generating significant quantities of PAV virion jfree fi-om contaminating helper virus. A 
novel protein IX, (pIX) packaging system has been developed. This system exploits several 
documented features of adenovirus molecular biology. The first is that adenoviral defective 
particles are known to comprise up to 30% or more of standard wild-type adenoviral 

15 preparations. These defective or incomplete particles are stable and contain 15-95% of the 
adenoviral genome, typically 15-30%. Packaging of a PAV genome (15-30% of wild-type 
genome) should package comparably. Secondly, stable packaging of full-length Ad genome 
but not genomes <95% required the presence of the adenoviral gene designated pIX. 
The novel packaging system is based on the generation of an Ad protein pIX 

20 expressing 293 cell line. In addition, an adenoviral helper virus engineered such that the El 
region is deleted but enough exogenous material is inserted to equal or slightly exceed the 
full length 36 kb size. Both of these two constructs would be introduced into the 293/pIX 
cell line as purified DNA. In the presence of pIX, yields of both predicted progeny viruses as 
seen in current PAV/Ad2 production experiments can be obtained. Virus containing lysates 

25 fi"om these cells can then be titered independently (for the marker gene activity specific to 
either vector) and used to infect standard 293 (lacking pIX) at a multiplicity of infection of 1 
relative to PAV. Since research with this line as well as firom incomplete or defective particle 
research indicates that full length genomes have a competitive packaging advantage, it is 
expected that infection with an MOI of 1 relative to PAV will necessarily equate to an 

30 effective MOI for helper of greater than 1 . All cells will presumably contain both PAV (at 
least 1) and helper (greater than 1). Replication and viral capsid production in this cell 
should occur normally but only PAV genomes should be packaged. Harvesting these 
293/pIX cultures is expected to yield essentially helper-free PAV. 

35 Example 12 - C onstruction of Ad2-E4/ORF 6 

Ad2-E4/ORF6 (Figure 33 shows the plasmid construction of Ad2-E4/ORF6) which is 
an adenovirus 2 based vector deleted for all Ad2 sequences between nucleotides 32815 and 
35577. This deletion removes all open reading firames of E4 but leaves the E4 promoter and 
first 32-37 nucleotides of the E4 mRNA intact. In place of the deleted sequences, a DNA 



i 
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fragment encoding ORF6 (Ad2 nucleotides 34082-33178) which was derived by polymerase 
chain reaction of Ad2 DNA with 0RF6 specific DNA primers 

(Genzyme oligo. # 2371 - CGGATCCTTTATTATAGGGGAAGTCCACGCCTAC (SEQ. 
ID N0:8) and oligo. #2372 - CGGGATCCATCGATGAAATATGACTACGTCCG (SEQ. 
5 ID N0:9) were inserted). Additional sequences supplied by the oligonucleotides included a 
cloning site at the 5' and 3' ends of the PCR fragment (£M and BamHl respectively) and a 
polyadenylation sequence at the 3' end to ensure correct polyadenylation of the 0RF6 
mRNA. As illustrated in Figure 33, the PCR fragment was first ligated to a DNA fragment 
including the inverted terminal repeat (ITR) and E4 promoter region of Ad2 (Ad2 nucleotides 

1 0 35937-35577) and cloned in the bacterial plasmid pBluescript (Stratagene) to create plasmid 
0RF6. After sequencing to verify the integrity of the 0RF6 reading frame, the fragment 
encompassing the ITR and 0RF6 was subcloned mto a second plasmid, pAd A E4, which 
contains the 3' end of Ad2 from a Sac I site to the 3* ITR (Ad2 nucleotides 28562-35937) and 
is deleted for all E4 sequences (promoter to poly A site Ad2 positions 32815-35641) using 

1 5 flanking restriction sites. In this second plasmid, virus expressing only E4 0RF6, pAdORF6 
was cut with restriction enzyme Pad and ligated to Ad2 DNA digested with PacL This Pad 
site corresponds to Ad2 nucleotide 28612. 293 cells were transfected with the ligation and 
the resulting virus was subjected to restriction analysis to verify that the Ad2 E4 region had 
been substituted with the correspondmg region of pAdORF6 and that the only remaining E4 

20 open reading frame was 0RF6. 

A cell line could in theory be established that would fully complement E4 functions 
deleted from a recombinant virus. The problem with this approach is that E4 functions in the 
regulation of host cell protein synthesis and is therefore toxic to cells. The present 
recombinant adenoviruses are deleted for the El region and must be grown in 293 cells which 

25 complement El fimctions. The E4 promoter is activated by the Ela gene product, and 
therefore to prevent inadvertent toxic expression of E4 transcription of E4 must be tightly 
regulated. The requirements of such a promoter or transactivating system is that in the 
uninduced state expression must be low enough to avoid toxicity to the host cell, but in the 
induced state must be sufficiently activated to make enough E4 gene product to complement 

30 the E4 deleted virus during virus production. 



p?^^ple 13 

An adenoviral vector is prepared as described in Example 7 while substituting the 
phosphoglycerate kinase (PGK) promoter for the Ela promoter. 

35 

Example H 

An adenoviral vector is prepared as described in Example 1 1 while substituting the 
PGK promoter for the Ad2 major late promoter (MLP). 
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Example IS: Generation of Ad2-ORF6/PGK-CFTR 

This protocol uses a second generation adenovirus vector named Ad2-ORF6/PGK- 
CFTR. This virus lacks El and in its place contains a modified transcription unit with the 
PGK promoter and a poly A addition site flanking the CFTR cDNA. The PGK promoter is 
5 of only moderate strength but is long lasting and not subject to shut off. The E4 region of the 
vector has also been modified in that the whole coding sequence has been removed and 
replaced by 0RF6, the only E4 gene essential for growth of Ad in tissue culture. This has the 
effect of generating a genome of 101% the size of wild type Ad2. 

The DNA construct comprises a full length copy of the Ad2 genome from which the 

1 0 early region 1 (El) genes (present at the S* end of the viral genome) have been deleted and 
replaced by an expression cassette encoding CFTR. The expression cassette includes the 
promoter for phosphoglycerate kinase (PGK) and a polyadenylation (poly A) addition signal 
from the bovine growth homione gene (BGH). In addition, the E4 region of Ad2 has been 
deleted and replaced with only open reading frame 6 (0RF6) of the Ad2 E4 region. The 

15 adenovirus vector is referred to as AD2-ORF6/PGK-CFTR and is illustrated schematically in 
Figure 34. The entire wild-type Ad2 genome has been previously sequenced (Roberts, R.J., 
(1986) In Adenovirus DNA, W. Oberfler, editor, Matinus Nihoff Publishing, Boston) and the 
existing numbering system has been adopted here vs^en referring to the wild type genome. 
Ad2 genomic regions flanking El and E4 deletions, and insertions into the genome are being 

20 completely sequenced. 

The Ad2-ORF6/PGK-CFTR construct differs from the one used in our earlier 
protocol (Ad2/CFTR-1) in that the latter utilized the endogenous El a promoter, had no poly 
A addition signal direcdy downstream of CFTR and retained an intact E4 region. The 
properties of Ad2/CFTR-1 in tissue culture and in animal studies have been reported (Rich et 

25 al., (1993) Human Gene Therapy 4:46M67; and Zabner et al. (1993) Nature Genetics (in 
Press). 

At the 5' end of the genome, nucleotides 357 to 3328 of Ad2 have been deleted and 
replaced with (in order 5' to 3') 22 nucleotides of linker, 534 nucleotides of the PGK 
promoter, 86 nucleotides of linker, nucleotides 123-4622 of the published CFTR sequence 

30 (Riordan et al. (1989) Science 245:1066-1073), 21 nucleotides of linker, and a 32 nucleotide 
synthetic BGH poly A addition signal followed by a final 1 1 nucleotides of linker. The 
topology of the 5' end of the recombinant molecule is illustrated in Figure 34. 

At the 3' end of the genome of Ad2-ORF6/PGK-CFTR, Ad2 sequences between 
nucleotides 32815 and 35577 have been deleted to remove all open reading frames of E4 but 

35 retain the E4 promoter, the E4 cap sites and first 32-37 nucleotides of E4 mRNA. The 
deleted sequences were replaced with a fragment derived by PCR which contains open 
reading frame 6 of Ad2 (nucleotides 34082-33178) and a synthetic poly A addition signal. 
The topology of the 3* end of the molecule is shown in Figure 34. The sequence of this 
segment of the molecule will be confirmed. The remainder of the Ad2 viral DNA sequence is 
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published in Roberts, RJ. in Adenovirus DNA. (W. Oberfler, Matinus Nihoff Publishing, 
Boston, 1986 ). The overall size of the Ad2-ORF6/PGK-CFTR vector is 36,336 bp v^hich is 
101.3% of full length Ad2. See Table III for the sequence of Ad2-ORF6/PGK-CFTR. 
The CFTR transcript is predicted to initiate at one of three closely spaced 
5 transcriptional start sites in the cloned PGK promoter (Singer-Sam et al. (1984) Gene 32:409- 
417) at nucleotides 828, 829 and 837 of the recombinant vector (Singer-Sam et al. (1984) 
Gene 32:409-417). A hybrid 5* untranslated region is comprised of 72, 80 or 81 nucleotides 
of PGK promoter region, 86 nucleotide of linker sequence, and 10 nucleotides derived from 
the CFTR insert. Transcriptional termination is expected to be directed by the BGH poly A 

1 0 addition signal at recombinant vector nucleotide 5530 yielding an approximately 4.7 kb 
transcript. The CFTR coding region comprises nucleotides 1010-5454 of the recombinant 
virus and nucleotides 182, 181 or 173 to 4624, 4623, or 4615 of the PGK-CFTR-BGH 
mRNA respectively, depending on which transcriptional initiation site is used. Within the 
CFTR cDNA there are two differences from the published (Riordan et al, cited supra) cDNA 

15 sequence. An A to C change at position 1990 of the CFTR cDNA (published CFTR cDNA 
coordinates) which was an error in the original published sequence, and a T to C change 
introduced at position 936. The change at position 936 is translationally silent but increases 
the stability of the cDNA when propagated in bacterial plasmids (Gregory et al. (1990) 
Nature 347:382-386; and Cheng et al. (1990) Cell 63:827-834). The 3' untranslated region of 

20 the predicted CFTR transcript comprises 2 1 nucleotides of linker sequence and 
approximately 10 nucleotides of synthetic BGH poly A additional signal. 

Although the activity of CFTR can be measured by electrophysiological methods, it is 
relatively difficult to detect biochemically or immimocytochemically, particularly at low 
levels of expression (Gregory et al., cited supra\ and Denning et al. (1992) J. Cell Biol 

25 1 1 8:55 1-559). A high expression level reporter gene encoding the E, coli P galactosidase 
protein fused to a nuclear localization signal derived from the SV40 T-antigen was therefore 
constructed. Reporter gene transcription is driven by the powerful CMV early gene 
constitutive promoter. Specifically, the El region of wild type Ad2 between nucleotides 357- 
3498 has been deleted and replaced it with a 515 bp fragment containing the CMV promoter 
> 30 and a 3252 bp fragment encoding the P galactosidase gene. 



Rggu lmpi y Ch^aQtgri?tics of thg E l e mgnts of thg AP2-ORF6 /PGK-CFTR 

In general terms, the vector is similar to several earlier adenovirus vectors encoding 
CFTR but it differs in three specific ways from the Ad2/CFTR-1 construct. 

PGK Promoter 

Transcription of CFTR is from the PGK promoter. This is a promoter of only 
moderate strength but because it is a so-called house keeping promoter we considered it more 
likely to be capable of long term albeit perhaps low level expression. It may also be less 
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likely to be subject to "shut-down" than some of the very strong promoters used in other 
studies especially with retroviruses. Since CFTR is not an abundant protein longevity of 
expression is probably more critical than high level expression. Expression from the PGK 
promoter in a retrovirus vector has been shown to be long lasting (Apperley et al. (1991) 
5 Blood 7i:3lO'3n). 

Polyadenvlation Sig nal 

Ad2-ORG6/PGK-CFTR contains an exogenous poly A addition signal after the CFTR 
coding region and prior to the protein IX coding sequence of the Ad2 El region. Since 

10 protein is believed to be involved in packaging of virions, this coding region was retained. 
Furthermore, since protein IX is synthesized from a separate transcript v^th its own promoter, 
to prevent possible promoter occlusion at the protein DC promoter, the BOH poly A addition 
signal was inserted. There is indirect evidence that promoter occlusion can be problematic in 
that Ad2/CMV pGal grows to lower viral titers on 293 cells than does Ad2/pgal-l . These 

15 constructs are identical except for the promoter used for P galactosidase expression. Since 
the CMV promoter is much stronger than the El a promoter it is probable that abundant 
transcription from the CMV promoter through the p galactosidase DNA into the protein IX 
coding region reduces expression of protein IX from its own promoter by promoter occlusion 
and that this is responsible for the lower titer of Ad2/CMV-Pgal obtained. 

20 

Alterations of the E4 Region 

A large portion of the E4 region of the Ad2 genome has been deleted for two reasons. 
The first reason is to decrease the size of the vector used or expression of CFTR. Adenovirus 
vectors v^th genomes much larger than wild type are packaged less efficiently and are 

25 therefore difficult to grow to high titer. The combination of the deletions in the El and E4 
regions in Ad2-ORF6/PGK-CFTR reduce the genome size to 101% of wild type. In practice 
it is straightforward to prepare high titer lots of this virus. 

The second reason to remove E4 sequences relates to the safety of adenovirus vectors. 
A goal of these studies is to remove as many viral genes as possible to inactive the Ad2 virus 

30 backbone in as many ways as possible. The OF 6/7 gene of the E4 region encodes a protein 
that is involved in activation of the cellular transcription factor E2-F which is in turn 
implicated in the activation of the E2 region of adenovirus (Hemstrom et al. (1991) J. Virol 
65:1440-1449). Therefore removal of ORF6/7 from adenovirus vectors may provide a fizrther 
margin of safety at least when grown in non-proliferating cells. The removal of the El region 

35 already renders such vectors disabled, in part because El a, if present, is able to displace E2-F 
from the retinoblastoma gene product, thereby also contributing to the stimulation of E2 
transcription. The 0RF6 reading frame of Ad2 was added back to the E1-E4 backbone of the 
Ad2-ORF6/PGK-CFTR vector because ORF6 function is essential for production of the 
recombinant virus in 293 cells. 0RF6 is believed to be involved in DNA replication, host 
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cell shut off and late mRNA accumulation in the normal adenovirus life cycle. The E1-E4- 
ORF6"*" backbone Ad2 vector does replicate in 293 cells. 

The promoter/enhancer use to drive transcription of 0RF6 of E4 is the endogenous E4 
promoter. This promoter requires El a for activation and contains El a core enhancer 
5 elements and SPl transcription factor binding sites (reviewed in Berk, A. J. (1986) Ann. Rev. 
Genet 20:75-79). 

Rgplication QrigiuQ 

The only replication origins present in Ad2-ORF6/PGK-CFTR are those present in 
1 0 the Ad2 parent genome. Replication of Ad2-ORF6/PGK-CFTR sequences has not been 
detected except when complemented with wild type El activity. 

Steps Used to Derive the DNA Construct 

Construction of the recombinant Ad2-ORF6/PGK-CFTR virus was accomplished by 

15 in VIVO recombination of Ad2-ORF6 DNA and a plasmid containing the 5' 1 0.7 kb of 
adenovirus engineered to have an expression cassette encoding the himian CFTR cDNA 
driven by the PGK promoter and a BGH poly A signal in place of the El coding region. 

The generation of the plasmid, pBRAd2/PGK-CFTR is described here. The starting 
plasmid contains an approximately 7.5 kb insert cloned into the CM and jQamHI sites of 

20 pBR322 and comprises the first 10,680 nucleotides of Ad2 with a deletion of the Ad2 
sequences between nucleotides 356 and 3328. This plasmid contains a CMV promoter 
inserted into the CM and Spel sites at the region of the El deletion and is designated 
pBRAd2/CMV. The plasmid also contains the Ad2 5' ITR, packagmg and replication 
sequences and El enhancer. The El promoter, Ela and most of Elb coding region has been 

25 deleted. The 3' terminal portion of the Elb coding region coincides v/ith the pIX promoter 
which was retained. The CMV promoter was removed and replaced with the PGK promoter 
as a CM and Spel fragment from the plasmid PGK-GCR. The resulting plasmid, 
pBRAd2/PGK, was digested with Avrll and BstBI and the excised fragment replaced with the 
Spel to EstBl fragment from the plasmid construct pAd2Ela/CFTR. This transferred a 

30 fragment containing the CFTR cDNA, BGH poly A signal and the Ad2 genomic sequences 
from 3327 to 10,670. The resulting plasmid is designated pBRAd2/PGK-CFTR. The CFTR 
cDNA fragment was originally derived from the plasmid pCMV-CFTR-936C using 
restriction enzymes Spel and EdDiSIl. pCMV-CFTR-936C consists of a minimal CFTR 
cDNA encompassing nucleotides 123-4622 of the published CFTR sequence cloned into the 

35 multiple cloning site of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR 
cDNA within this plasmid has been completely sequenced. 

The Ad2 backbone virus with the E4 region that expresses only open reading fi^e 6 
was constructed as follows. A DNA fragment encoding 0RF6 (Ad2 nucleotides 34082- 
33 1 78) was derived by PCR with 0RF6 specific DNA primers. Additional sequences 
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supplied by the oligonucleotides include cloning sites at the 5* and 3' ends of the PCR 
fragment. (Clal and BamHI respectively) and a poly A addition sequence AATAAA at the 3' 
end to ensure correct polyadenylation of 0RF6 mRNA. The PCR fragment was cloned into 
pBluescript (Stratagene) along with an Ad2 fragment (nucleotides 35937-35577) containing 
5 the inverted terminal repeat, E4 promoter, E4 mRNA cap sites and first 32-37 nucleotides of 
E4 mRNA to create pORF6. A Sall - BamHI fragment encompassing the ITR and ORF6 was 
used to replace the Sall - BamHI fragment encompassing the ITR and E4 deletion in pAdAE4 
contains the 3* end of Ad2 from a Spel site to the 3' ITR (nucleotides 27123-35937) and is 
deleted for all E4 sequences including the promoter and poly A signal (nucleotides 32815- 
10 3564 1 ). The resultmg construct, pAdE40RF6 was cut with EasI and ligated to Ad2 DNA 
digested with Pad nucleotide 28612). 293 cells were transfected with the ligation reaction to 
generate virus containing only open readmg frame 6 from the E4 region. 

In Vitro Studies wHh Ad2-QRF6/PGK-CFTR 

1 5 The ability of Ad2-ORF6/PGK-CFTR to express CFTR in several cell Imes, including 

human HeLa cells, human 293 cells, and primary cultures of normal and CP human airway 
epithelia was tested. As an example, the results from the human 293 cells is related here. 
When human 293 cells were grown on culture dishes, the vector was able to transfer CFTR 
cDN A and express CFTR as assessed by immunoprecipitation and by functional assays of 

20 halide efflux. Gregory, R.J. et al. (1990) Nature 347:382-386; Cheng, S.H. et al. (1990) Cell 
63:827-834. More specifically, procedures for preparing cell lysates, immunoprecipitation of 
proteins using anti-CFTR antibodies, one-dimensional peptide analysis and SDS- 
polyacrylamide gel electrophoresis were as described by Cheng et al. Cheng, S.H. et al. 
(1990) Cell 63:827-834. Halide efflux assays were performed as described by Cheng, S.H. et 

25 al. (1991) Cell 66:1027-1036. cAMP-stimulated CFTR chloride channel activity was 

measured using the halide sensitive fluorophore SPQ in 293 cells treated with 500 lU/cell 
Ad2-ORF6/PGK-CFTR. Stimulation of the infected cells with forskolin (20 \\M) and IBMX 
(100 nm) increased SPQ fluorescence indicating the presence of functional chloride channels 
produced by the vector. 

30 Additional studies using primary cultures of human airway (nasal polyp) epithelial 

cells (from CF patients) infected with Ad2-ORF6/PGK-CFTR demonstrated that Ad2- 
0RF6/PGK-CFTR infection of the nasal polyp epithelial cells resulted in the expression of 
cAMP dependent CI" channels. Figure 35 is an example of the results obtained from such 
studies. Primary cultures of CF nasal polyp epithelial cells were infected with Ad2- 

35 0RF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. Three days post infection, monlayers 
were mounted in Ussing chambers and short-circuit current was measured. At the indicated 
times: (1) 10 |iM amiloride, (2) cAMP agonists (10 nM forskolin and 100 yM IBMX), and 
(3) 1 mM diphenylamine-2-carboxylate were added to the mucosal solution. 
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In Vivo Studies with Ad2-ORF6/PGK-CFTR 
Virug preparatioitli 

Two preparations of Ad2-ORF6/PGK-CFTR virus were used in this study. Both were 
5 prepared at Genzyme Corporation, in a Research Laboratory. The preparations were purified 
on a CsCl gradient and then dialyzed against tris-buffered saline to remove the CsCi. The 
preparation for the first administration (lot #2) had a titer of 2 x 10^ 0 lU/mL The preparation 
for the second administration (lot #6) had a titer of 4 x 10^0 lU/ml. 

10 Animals 

Three female Rhesus monkeys, Macaca mulatta, were used for this study. Monkey C 
(#20046) weighed 6.4 kg. Monkey D (#20047) weighed 6.25 kg. Monkey E (#20048) 
weighed 10 kg. The monkeys were housed in the University of Iowa at least 360 days before 
the start of the study. The animals were maintained with fi:ee access to food and water 

1 5 throughout the study. The animals were part of a safety study and eflScacy study for a 
different viral vector (Ad2/CFTR-1) and they were exposed to 3 nasal viral instillation 
throughout the year. The previous instillation of Ad2/CFTR-1 was performed 116 days prior 
to the initiation of this study. All three Rhesus monkeys had an anti-adenoviral antibody 
response as detected by ELISA after each viral instillation. There are no known contaminants 

20 that are expected to interfere with the outcome of this study. Fluorescent lighting was 
controlled to automatically provide alternate light/dark cycles of approximately 12 hours 
each. The monkeys were housed in an isolation room in separate cages. Strict respiratory 
and body fluid isolation precautions were taken. 

25 Vims administration 

For application of the virus, the monkeys were anesthetized by intramuscular injection 
of ketamine (15 mg/kg). The entire epithelium of one nasal cavity in each monkey was used 
for this study. A foley catheter (size 10) was inserted through each nasal cavity into the 
pharynx, the balloon was inflated with a 2-3 ml of air, and then pulled anteriorly to obtain a 

30 tight occlusion at the posterior choana. The Ad2-ORF6/PGK-CFTR virus was then instilled 
slowly into the right nostril with the posterior balloon inflated. The viral solution remained 
in contact with the nasal mucosa for 30 min. The balloons were deflated, the catheters were 
removed, and the monkeys were allowed to recover from anesthesia. 

On the first administration, the viral preparation had a titer of 2 x 10^^ lU/ml and 

35 each monkey received approximately 0.3 ml. Thus the total dose applied to each monkey 
was approximately 6.5 x 10^ lU. This total dose is approximately half the highest dose 
proposed for the human study. When considered on a lU/kg basis, a 6 kg monkey received a 
dose approximately 3 times greater that the highest proposed dose for a 60 kg human. 
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Timing of evaluations. 

The animals were evaluated on the day of administration, and on days 3, 7, 24, 38, 
and 44 days after infection. The second administration of virus occurred on day 44. The 
monkeys were evaluated on day 48 and then on days 55, 62, and 129. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(15 mg/kg). To obtain nasal epithelial cells after the first viral administration, the nasal 
mucosa was first impregnated with 5 drops of Afrin (0.05% oxymetazoline hydrochloride, 
Schering-Plough) and 1 ml of 2% Lidocaine for 5 minutes. A cytobrush was then used to 
gently rub the mucosa for about 3 sec. To obtain pharyngeal epithelial swabs, a cotton-tipped 
1 0 applicator was rubbed over the back of the pharynx 2-3 times. The resulting cells were 
dislodged from brushes or applicators into 2 ml of sterile PBS. After the second 
administration of Ad2-ORF6/PGK-CFTR, the monkeys were followed clinically for 3 weeks, 
and mucosal biopsies were obtained from the monkeys medial turbinate at days 4, 1 1 and 1 8. 

15 Animal evaluation. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool 
consistency was also recorded to check for the possibility of diarrhea. At each of the 
evaluation time points, rectal temperature, respu-atory rate, and heart rate were measured. 

20 The nasal mucosa, conjuctivas and pharynx were visually inspected. The monkeys were also 
examined for lymphadenopathy. 

HgTTiatology and serum chgmistrv 

Venous blood from the monkeys was collected by standard venipuncture technique. 
25 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 
Hospitals and Clinics using a Hitatchi 737 automated chemistry analyzer and a Technicom 
H6 automated hematology analyzer. 

Serology 

30 Sera from the monkeys were obtained and anti-adenoviral antibody titers were 

measured by ELISA. For the ELISA, 50 ng/well of killed adenovirus (Lee Biomolecular 
Research Laboratories, San Diego, Ca) was coated in 0.1 M NaHCOs at 4° C overnight on 96 
well plates. The test samples at appropriate dilutions were added, starting at a dilution of 
1/50. The samples were incubated for 1 hour, the plates washed, and a goat anti-human IgG 

35 HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, PA) was added for 1 
hour. The plates were washed and 0-Phenylenediamine (OPD) (Sigma Chemical Co., St. 
Louis, MO) was added for 30 min. at room temperature. The assay was stopped with 4.5 M 
H2SO4 and read at 490 nm on a Molecular Devises microplate reader. The titer was 
calculated as the product of the reciprocal of the initial dilution and the reciprocal of the 
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dilution in the last well with an OD>0.100. Nasal, washings from the monkeys were obtained 
and anti-adenoviral antibody titers were measured by ELISA, starting at a dilution of 1/4. 

Nasal W^hings. 

5 Nasal washings were obtained to test for the possibility of secretory antibodies that 

could act as neutralizing antibodies. Three ml of sterile PBS was slowly instilled into the 
nasal cavity of the monkeys, the fluid was collected by gravity. The washings were 
centrifuged at 1000 RPM for 5 minutes and the supernatant was used for anti-adenoviral, and 
neutralizing antibody measurement. 

10 

Cytology 

Cells were obtained from the monkey's nasal epithelium by gently rubbing the nasal 
mucosa for about 3 seconds with a cytobrush. The resulting cells were dislodged from the 
brushes into 2 ml of PBS. The cell suspension was spun at 5000 rpm for 5 min. and 
15 resuspended in 293 media at a concentration of 1 0^ cells/ml. Forty ^1 of the cell suspension 
was placed on slides using a Cytospin, Cytospin slides were stained with Wright's stain and 
analyzed for cell differential using light microscopy. 

Cwltarc for Ad2-QRF6/PFK-CFTR 

20 To assess for the presence of infectious viral particles, the supernatant from the nasal 

brushings and pharyngeal swabs of the monkeys were used. Twenty-five \il of the 
supernatant was added in duplicate to 293 cells. 293 cells were used at 50% confluence and 
were seeded in 96 well plates. 293 cells were incubated for 72 hours at 37°C, then fixed with 
a mixture of equal parts of methanol and acetone for 10 min and incubated with an FITC 

25 label anti-adenovirus monoclonal antibodies (Chemicon, Light Diagnostics, Temecuca, Ca) 
for 30 min. Positive nuclear immimofluorescence was interpreted as positive culture. 

Immunocytochemistrv for the detection of CFTR. 

Cells were obtained by brushing. Eighty ^l of cell suspension were spun onto gelatin- 

30 coated slides. The slides were allowed to air dry, and then fixed with 4% paraformaldehyde. 
The cells were permeabilized with 0.2 Triton-X (Pierce, Rockford, II) and then blocked for 60 
minutes with 5% goat serum (Sigma, Mo). A pool of monoclonal antibodies (M13-1, Ml-4, 
and M6-4) (Gregory et al., (1990) Nature 347:382-386); Denning et aL, (1 992) J. Cell Biol. 
118:(3) 551-559); Denning et al., (1992) Nature 358:761-764) were added and incubated for 

35 12 hours. The primary antibody was washed off and an antimouse biotinylated antibody 
(Biomeda, Foster City, Ca) was added. After washing, the secondary antibody, streptavidin 
FITC (Biomeda, Foster City, Ca) was added and the slides were observed with a laser 
scanning confocal microscope. 



I 
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To assess for histologic evidence of safety, nasal medial turbinate biopsies were 
obtained on day 4, 1 1 and 18 after the second viral administration as described before 
(Zabner et al (1993) Human Gene Therapy, in press). Nasal biopsies were fixed in 4% 
5 formaldehyde and H&E stained sections were reviewed. 

RESULTS 

Studies of gffigagy. 

1 0 To directly assess the presence of CFTR, cells obtained by brushing were plated onto 

slides by cytospin and stained with antibodies to CFTR. A positive reaction is clearly evident 
in cells exposed to Ad2-ORF6/PGK-CFTR. The cells were scored as positive by 
immxmocytochemistry when evaluated by a reader blinded to the identity of the samples. 
Cells obtained prior to infection and from other untreated monkeys were used as negative 

15 controls. Figures 36A-36D, 37A-37D, and 38A-38D show examples from each monkey. 



Studies of safety 

None of the monkeys developed any clinical signs of viral infections or inflanmiation. 

20 There were no visible abnormalities at days 3, 4, 7 or on weekly mspection thereafter. 

Physical examination revealed no fever, lymphadenopathy, conjunctivitis, coryza, tachypnea, 
or tachycardia at any of the time points. There was no cough, sneezing or diarrhea. The 
monkeys had no fever. Appetites and weights were not affected by virus administration in 
either monkey. The data are summarized in Figures 39A-39C. 

25 The presence of live virus was tested in the supernatant of cell suspensions from 

swabs and brushes from each nostril and the pharynx. Each supernatant was used to infect 
the virus-sensitive 293 cell line. Live virus was never detected at any of the time points. The 
rapid loss of live vfrus suggests that there was no viral replication. 

The results of complete blood counts, sedimentation rate, and clinical chemistries are 

30 shown in Figure 40A-40C. There was no evidence of a systemic inflammatory response or 
other abnormalities of the clinical chemistries. 

Epithelial inflammation was assessed by cytological examination of Wright-stained 
cells (cytospin) obtained from brushings of the nasal epithelium. The percentage of 
neutrophils and lymphocytes from the infected nostrils were compared to those of the control 

35 nostrils and values from four control monkeys. Wright stains of cells from nasal brushing 
were performed on each of the evaluation days. Neutrophils and lymphocytes accounted for 
less than 5% of total cells at all time points. The data are shown in Figure 41 . The data 
indicate that administration of Ad2-ORF6/PGK-CFTR caused no change in the distribution 
or number of inflammatory cells at any of the time points following vims administration, 
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even during a second administration of the virus. Hie biopsy slides obtained after the second 
Ad2-ORF6/PGK-CFTR administration were reviewed by an independent pathologist, who 
found no evidence of inflammation or any other cytopathic effects. Figures 42 to 44 show an 
example from each monkey. 
5 Figures 45A-45C shows that all three monkeys had developed antibody titers to 

adenovirus prior to the first infection with Ad2-ORF6/PGK-CFTR (Zabner et al. (1993) 
Human Gene Therapy (in press)). Antibody titers measured by ELISA rose within one week 
after the first and second administration and peaked at day 24. No anti-adenoviral antibodies 
were detected by ELISA or neutralizing assay in nasal washings of any of the monkeys. 

1 0 These results combined with demonstrate the ability of a recombinant adenovirus 

encoding CFTR (Ad2-ORF6/PGK-CFTR) to express CFTR cDNA in the airway epithelium 
of monkeys. These monkeys have been followed clinically for 12 months after the first viral 
administration and no complications have been observed. 

The results of the safety studies are encouraging. No evidence of viral replication was 

15 found; infectious viral particles were rapidly cleared. The other major consideration for 
safety of an adenovirus vector in the treatment of CF is the possibility of an inflammatory 
response. The data indicate that the virus generated an antibody response, but despite this, no 
evidence of a systemic or local inflammatory response was observed. The cells obtained by 
brushings and swabs were not altered by virus application. Since these Monkeys had been 

20 previously exposed three times to Ad2/CFTR-1 , these data suggest that at least five 
sequential exposures of airway epithelium to adenovirus does not cause a detrimental 
inflammatory response. 

These data indicate that Ad2-ORF6/PGK-CFTR can effectively transfer CFTR cDNA 
to airway epithelium and direct the expression of CFTR. They also indicate that transfer and 

25 expression is safe in primates. 

Equivalents 

. Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents of the specific embodiments of the invention 
. 30 described herein. Such equivalents are intended to be encompassed by the following claims. 
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OlTCATCWlT AATATACCTT ATTTTCGATT CWiGCCA^TA TG^TAATCAff ^JGg^GT 

CTACXAGTTA TTATATCCyA TAWLACCTAA C^J^^ZJ'^^^tS^*^^^ 
n WERTED TERMINAL REPETITION-ORlCni OF REPMCATIOM . ^60> 



70 80 90 



100 110 120 



TTGTCACGTC GCGCGC3GGCG TC0GAACC5GG GCGGGTCACG TAGTA^^ SSSJS^ 
AACACTGCAC CGCGCCCCGC ACCCTTOCCC CGCCCACTGC ATCATCACW: CCCCITCACA 
.^HWERTED TERMIKAL REPETITION-ORIGIN OF > 

130 140 ISO 160 • 170 180 

fiATCTOSCAA CTOTCGCGCai ACACAICTAA GCGCCXJGATC TCCTAA^ SSFIHS 
CTACAACCTT CACACCGCCT TCTGTACATT CCCGGCCTAC ACOOTTTCA CTCCAAMlAC 

^ ■ 190 200 210 220 23t)- 240 

GTGTGCGCCG CICTATACGG GAAGTCyiCAA TTTTCGCGCG CTTTn^^ GATCTTCM 
CACACGCGGC CACATATGCC CTTCACXCTr AAAAGCGCGC CAAAMCCGC CTACAACAaC 

aOttMCER AMD VUtAL PACKAGING K»JA2K 50_> 

250 260 270 .280 290 3 00 

TAAATTTCGG CGTAACCAAG TAATGTITGG CCATTTTCGC 00 ^^^^^ j^^TA^SySGA 
ATTTAAACCC GCATTOGTTC ATEACAAACC GGTAAAAGCG CCmrK»C7T?irTCTCar 
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AGTGAA?.TCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTCTCTA CGGCCGCGGG 
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A&GCTCat.TC ATTC-CCGGCG GTCACACG'vC GTCTATAGTT TC^.C-_iGCCA TGC-C-CTCT. . 
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GCTAW^TAGA TCCCTATCCC MtMXXAM AGWATAXCA CTCCTCTGXC C^O^TCTGC 
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1090 1100 1110 1120 1130 1140 

TOTATAAGAA GACTTTAAAC CTCTCAAGCC CTCTTCT^et l^V^^ ^[TTggg^g 
AAATATTCTT CTCAAAriTC GACAGTTCGG CACAAGATCT ATTTTATI|A. TAACCTCTTG 
l YKK TL K LSS' R VLD KIS IGQ> 

WCTIC FIBROSIS TRANSMEMBRAME COJDOCTANCE RBGOIATOR; CODON ^> 

-h . H YBRID ElArCFiR-ElB t^SAOT- —jh _> 

62Q j 12 3 TO 4622 OF HOMMJ CFTR C3«^_; 660l ■. ^570 

1150 il60 1170 1180' • 1190 1200 

TTGTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTGGCACA.TT 
SSJJSS SSSS?5 ??S1JtGT ITAAACXACT TCCTGAACGT AACCGTGTAA 
LVSL LSN HLN KFDE GLA L«AHs. 

CTSTIC FIBROSIS TRANSMEMBRANE CDNDOCTANCX RBGOIATOR; CODON 

h ^^HYBRID ElA-CFTR-ElB MESSAGE h :_> 

fiBO i 123 TO 4622 OF HUMAN CFTR CENA ^720i 73 0> 

1210 1220 1230 1240 1250 1260 

TCGTGTGGAT CGCTCCrTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 
SSSSI SSSSic Stcaccgtg AGGAGTACCC CGATTAGACC CTCAACAXTG 
FVWI APL QVA LL MC LIW :^ h 

CVSTIC '^ROSIS TRANSME«BRANS CGNDOCTANCE REGUIATOR; CODON > 

h HYBRID EIA-CFTR-EIB MESSAGE h > 



• ?4Qi 123 TO 4622 OF HUMAN CFTR CENA 780i ^790> 

1270 1280 1290 1300 1310 1320 

r._,i-^^#^r**^f. '•-^nrr'^rr'^c tgatagtcct tgcccttttt c-.GGCTG-CrCrC 

^^^^.r^^^— f-ArCAAAGG ACTATCAGOA ACGGGAAJw. GTCCG.-.Cv-»wG 

OAS A rCG LGF LIVL ALr 0^G> 

CVSTIC riBRCSIS CONDUCTAl^CE HSGULATOR; CODOK > 

h nY3KJD El^.-CFTH-SIB MESSAGE ! h > 

BOOi 123 70 4622 OF KUK.AN CTTK CDMA 840l e5C> 

1330 1340 1350 1360 1370 1380 

TAGG^AGAAT GATG.-.TGAAG TACAGAGP.TC AGAGA&CTGG GA.^^a^.TC;^.GT GAAAd-.CTTG 
ATCCCTCTT^ CTACTACTTC ATGTCTCTAG TCTCTCG>-CC CTTCTAGTCA CTTTCTC-.AC 
L G H M M M K Y R D Q K ^ C KIS E R L.> 

CYSTIC FIBROSIS TR;>-KSJ-[EHBRA1>IE CO)sTOCT;»J>!CE REGU1*«^T0R; CODDN > 

HYBRID ElA-CrTR-ElB MESSAGE h ^> 

860i 123 TO 4622 OF HUKAN CFTR CDI>1^- 900i 910> 

1390 14 00 1410 K20 1430 14 4 0 
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TG;;rrAccTC ACWATty^rr c^jjj^k c a^tctctta^l ^JActcc TCCg^GAAc 
acta;.tcgag icrrrACTAA litug t a gs ttaoacwitt ccctatgacc aoccttc^ 

V I TS EMI ENl QSVK Y C we. 

CYSTTr FIBROSIS TRAKSKEMBRANE CQNDOCTAMCE RBGOlATORj CODO^ > 

h H VBRID EIA-CFTR-EIB M ESSA GE ---> 

9 20 ? 1 23 TO 4622 OF KOKAN CFTR CDMft 960i._ ^970> 

.1«0 1460 l<7t> 1^80 1450 1500 



CAATCGAAAA AATCATTOAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 

AMEK MIE HLR QTEI» KI#T RKA> 

__GYSTIC FIBROSIS TRANSMEMBRANE CCMDOCTANCE RBGOIATOR; CODOW > 

Jh JKBRID EIA-CTTR-EIB MESSAGE ; _R »• 



QRnj 1 23 TO 4622 OF HUMAN CFTR CDMA ^I020a :1030> 

1510 1520 1530 1540 1550 1560 

CCTATOTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGOTi^i^f ;?^'?5??nTr 
GGATACACTC TATCAAGTTA TCGAGTCGSA AGAAGAAGAG TCCCAAGAAA CACCACAAAA 
A YVR VFN SSA FFFS O FF VVF> 

cySTIC FIBROSIS TRANSMEMBRANE COMDCJCTANCE RBGOIATOR; CODCW .> 

h HJfflRlD ElA-CFTR-ElB MESSAGE. h ^> 

1 040i' 13 3 TO 4622 OF HUMAN CFTR CCNA ^lOBOS 1090> 

1570 1580 1590 1600 1610 1620 

TATCTCTCCT TCCCTATGCA CTAATCAAAG GAATCATCCT C OySAAAAT A TTCACCACCA 
ATAGACACGA AGGGATACGT GATTAGTTTC CTTAGTAGSA GGCCmTAT AAGTGSTGGT 
L S VL PYA LIK GlIL RKI rTT> 

.CYSTIC FIBROSIS TRANSMEMBRANE CCSJDUCTANCE RBGOIATOR; CODCMJ > 

J5 HYBRID EIA-OTR-EIB MESSAGE > 

llOQi 123 TO 4622 OF HUMAN CFTR CENA 114 Oi 1150> 



1630 1640 1650 1660 1670 1680 

TCTCATTCTG CXTTGTTCTG CGCP.TGGCGG TCACTCGGCA ATTTCCCTGG GCTGTA CA>A 
AGAGTAAGAC CTAACAAGAC GCG7ACCGCC ACTGAGCCGT TAA.»^GGGACC CGACATGTTT 
ISFC IVL RhJA VTRQ TPW AVO> 

CYSTIC FIBROSIS TRAKSKDORANE COl^CTANCE REGULATOR; CODOlO > 

• h HYBRID ElA-CFTR-ElB HESShGZ > 

11601 123 TO 4 622 OF nUbM^ CFTR CD1>JA 1200i 1210> 

1690 1700 1-10 1720 1730 1740 



C-.TC-37ATGA CTCTCTTGa-. GZ^-J^^^^CJ^ lA-.TACAGG.:. 7 

G7ACO.TACT OAGAGAACCT CCTTATTTCT rTTATGTCCT AAXGAATGTT TTCGrTu: .A 
7 V • Y D S L G A I Iv >: I 0 D F L Q K Q -> 

C:'S7IC FIBROSIS TR;-J'JS>G>S'U1s^ COhFDUCTW'JCE F^G'JIATOR; CODON > 

rj rTfBPJiD El>.-CrT?.-El3 MESSAGE h 

1220'i 123 70 <622 Or HUh'AJs' CFTR CDCC^. 12601 12/ 



> 



1750 1760 1770 1780 1750 1800 

--^AJ^G^C^TT G::;;^:^7A7A:^.C TTA^Ca^.CTA c^.g;^agtag7 gatggag.^at gtaacagcct 
T;^TTCTGT;'A CCTTA-ATTG AATTGCTGnT GTCTTCA.7CA C7ACCTCr7A CA.TTGTCC-:!.-. 
V K 7 L E V N L T T T E V V H Z U V 7 J^^ 

C^S-T^IC FIBROSIS 7RA3>}SHEM5R;^J\E CONO'JCT;^>JCE H£X:UI.^.70R; CODDK > 

h HYBRID El>.-CrTR-E13 KESSAGE h > 

1280i 123 70 4 622 Or HUM.-Jv GFTR CDM^. 1320i 13: :> 

1810 1820 lc30 1840 1850 Icfl 
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TC7«Xy.C^ GOdKTrtCOO CW^rrATO ACAAAGCA^ igjjj^l JJSilJSi: 
AGXCCCTCCT CCCTAWiCCC CTTWlTAXM: TCXTTCCnT 'trt.il^A 

h H yBRID EIA-CFTR-EIB MESSAGE — ^-B 

114ft ? l arro 4622 OF HUMAN CFTO CDNA 1580a 1390:. 

1870 1880 1890 1900 ' "10 1920 

AAACTTCTAA TCCTCATCAC ^^^CCrCTtCT rO^f^^ SSSS SliSSS 
nTCAAGATT ACCACTACTG . TCGCAGAACX ACTCATTMA CAGTGAM^ CCATGAG^C 

Uys?iC*'FIBSos?S ?rAnImE^^ «aSOT*«5R; CODOH > 

h H VBRID EIA-CTTR-EIB MESSAGE TTTTT^ 

1400 j S arO 4622 OF HUMAN CFTR CENA 1440a ^1450^ 

.1930 1940 1950 I960 1970 . 1980 

TCC^GA TArrAAmC AAGATAGAaI GAGGJO^ ^ISJI^ 
AGGACmCT ATAATTAAAG TTCTATCrrT CTCCTGTCAA CAACCGCCWl CGACCTAGCT 
V LKD I KF KIE RGQl* LAV AGS> 
CYSTIC FIBROSIS TRANSMEMBRANE CONEOCXANCE REXSOIATORj CODON >• 

— K HyBRiD eia-cftr-e:b message — : n >■ 

146Qi 123 TO 4622 OF HDMAN CFTR CENA ^ISOOa ; ^1510>. 



1990 2000 2010 2020 2030 2040 

CTGGAGCAGG CAAGACTTcI CTTCTAATGA TGXTTATgG JGAACTGGAG gJJCAGAg 
GACCTCGTCC GITCTGAAGT GAAGATTACT ACTAATACCC TCTTGACCTC GGAAGTCTCC 
Trtr VTS LLM MIMG e,LE P.SE> 
L.?ySTIC FI^SIS TRANSMEMBRANE CONDUCTANCE RSGUIATOR; CODON > 



V. H yBRIP ElA-CFTR-ElB MESSAGE . ^^^7- ^ 



-K ^i 123 TO 4622 OF hlM^i^ CFTR CDNA 1560i 1570> 



2050 2060 2070 2080 2090 2100 

GTAX;:^™ GC;..CAGTGGA AGX;^.rrTCAT TCTGTTCTCA «TTTTCCTGG jy^JJSI? 
C;.TnT;=J.TT CGTCTCACCT TCTTAAAGTA AGACAAaAGT CAAAAGGACC T^-.TACG^C 
-K'K HSG RIS FCSQ rSW IMP> 

" CYSTIC -IBROSIS TRANSMEMBR;'Jn^ COl^DUCT^-JJCS PSGUIATOR: CODON : 

V, ^HYBRID ElA-CrrP.-ElB HSSSAGE >^ = 



ISSo'i 123' TO «622 of r-Jli^J^ CFTR CEK«^. 1620i i630> 

2n0 2120 2-10 2150 216C 

GCACCA.T?A..i. }..(^S.JJ^.T;:TC A7CTTTGGTG TTTCCTATGA TGAATATAGA TACAGAAGCC 
CGTGGTAATT TCTrTTATAG TAGAAACCAC AViGG^.TACT ACTT^.T^TCT «i«.CTTC^-> 
G - ^ K ^ N T T r G V S V D E V R Y R S> 

CYSTIC FIBROSIS TRAKSMS-ERAJvZ C0NT5-JCTA1CCE F^oI^^TOR; CODDN > 

V. ^vr«5Trj ElA-CrTr.-IlB KZZSkZZ r'._ > 

IGto'i 123 TO 4622 OF nOMAl^! CTT?. CDHA 1680i 1690> 

2170 2180 2150 2200 2210 2220 

-ro^C-^i^GC fTGCCA^CTA a^.^^-GAGG^.C^. TCTCCAAGTr TGC-.G.!^GA^-^ C^.O^ATATAG 
AGTACrrrCG TACGGTTGAT CTTCTCCTGT AGiVC-GTTC-A ACGTCTCTTT CTGTTATATC 
V I 'k A COL r E D I S K r A E K D W I> 

CYSTIC -IBROSIS TR^'A'SJ-E'SRAJ^E CONTOCTWCr REGUIx^.TOR ; C0D01>) > 

h HYBRID El>.-CrTP.-n5 l-ESSAGE h > 

1700< 123 TO 4622 Or HUM«v CFTK CrK<Lf: 1740i. l/iC> 
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2230 2240 2250 2260 2270 22B0 

TrcrroOACyi ACCWGWiTC ACACTCAC?iJ a^C^CMjCG JCCAJgATX JCTTTAGgA 
AWyACCTCT TCCACCTTAG TGTCACTCAC CTCCACTTGC TCCTTCTTAA .r^MATCCTT 

CTSTIC FIBROSIS TOAHSMD4BRMJE COTOOCTANCE REOTIATOR; CODCW ^' 

• ^^^—HyBRlD EIA-CFTR-EIB MESSAGE rrrr^ TSTT^ 

-L IBO i -. ^S TtQ 4622 OF Hin«M CFTO CDMA ^1800i_ 1810> 

2290 2300 2310 2320 2330 2340 

GAGCAGTATA CAAAGATCgJ GArrTCaTT TATTAGJCTC JgJJJjgj JJ^SSSS 
CTCGTCATAT GmCTACGA CTAAACATAA XTAATCTSAG AGGAAAACCT ATCC»TCTAC 

OfSTIC FI^SIS TRANSMEMBRMffi COOTOCTAKCE REGUIATOR; CODOM ^> 

T" h H YBRID EIA-CFTO-EIB »ffiSSA6E -—fi --^> 

l aao " ^l %io 4622 OF HUMAN CTTR CTKA 1860a 1870> 

*'2350 2360 2370 2380 23$0 2400 

TTITAACAgI AAAAGAAATA TTTGRAAGCT GTCTCTCTAA JCTGATgCT AACMAACTA 
AAAATTCTCT ' miCn T A T AAACTTrCGA CACAGACATT TCAOTWXrCA TTCTTTTGAT 
VLTE KEl FES CVC-K I»MA 

CYSTIC FIBROSIS TRANSMEMBRANE CONTOCTAMCE RBGOIATOR; COKW ^> 

h__^inBRID ElA-Cm-ElB MESSAGE ^ R > 

I BBD i 1 23 TO 4622 OF HUMAN CFTR CEKA 1920a 1930> 

2410 2420 2430 2440 2450 2 4 60 

GGATrrroGT cacttctaaa atcgaacatt taaagaaagc JGAcaaaata 

CCTAAAACCA G7t»AGArrT TACCTTCTAA ATTTCTrrCG ACTGrTTTAT AATTAAAACG 
RXLV TSK MEH LKKA DKI LIL> 
CYSTIC FIBROSIS TRANSMSMSRANE COOTXJCTANCE RECDIATOR; CODON ^> 

194 O i 1 23 TO 4622 0? HUMAN CFTR CENA 1980a 1990> 

2470 2480 2<90 2500 2510 252 0 

IT 

ATGAAGGTAG C=lGCTATITT TATGGGACAT TTTCAGAACT CCAAAATCTA CAGCCAGACT 
TACTTCCATC GTCGATAAAA ATACCCTCTA AAAGTCTTGA GGTTTT«GAT GTCGGTCT^ 
H^^-GS S ^ T YGT FSEL QNL QPD> 

^CYSTTC PT3»x>SIS TRi-NSHE>3RiJe COITOUCTANCE REGULATOR: CODON > 

■ ■ *;-:v3?JlD ElA-CrTR-riB MESSAGE > 



2Q00i' ^123 TO 4622 Or HUMW^ CrTR Cn-U-. 2040i 2050> 

2550 -2540 2:50 2560 2570 25EG 

TTA&CTCAXA ACTC.:^TGGGA TGTCL=.TTCTT TCGACCAA.TT TAGTGCAGA.A -GAAG^TT 

A;^.TCGAcrrrr tgagtaccct acact^^g;^^ agctggttaa atc^.cgtctt TCTTcrrrA.^. 

rSSK LhSG CDS rDOr S P. Z KHK> 

CYSTIC FIBROSIS T/V-.NS><H>G?^--N^ :^:t>'jctai^ce KZGTJLATOR; CODOU > 

h' HYBRID £l>.-CrrR-£lB i-SlSSAGE h > 

2Q6Qi 123 TO 4622 Cr HUK.U^ CFTR CDJ4^. 2100i 2ilC> 

2590 2600 2610 2620 2630 26<C 

CA;^.TCCTAAC Ta^'.GACCTTA C^.CCGTTTCT C^.T7Aa=!wAGG AGAT&rrCCT GTCTCCTGGA 
GTTAGGATTG ACTCTGGA;^.T GTGCCi-A^aA CT^ATCTTCC TCTACGACa-. CAGAGG-i^CCT 
SI-LT ETL HHr SLEG DAP V S W> 

CYSTIC FIBROSIS TR^-NSheHB-V^J^ CONDOCTAlvJCE REGULATOR; CODON > 

h HYBRID E1>.-C7TR-E1B t<ESSAGZ h > 

2120i 123 TO 4622 OT HW^>J CFTR Cn>L^. 2160i 21'^Z> 
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2700 




2790 — 

2770 2780 • «^^*k«r.rTG ICCTTAGTAC 

J? TO 4622 OF H0«M5 CTTR CCN« 

^ SliOOi TO 



2350> 



.2300i ^123 TO ^^^^ . 2330 




2S40 

2S20 — — 

' .^XACCTGAT GACACACTCA GrTAACCA^G 
— OCC .CgAg^^ gSSS^^ I^^oS^A CT^CJOACT CA.^-X. 

CVSTIC riBKOSlS T?^-^2-;^pl^ ^^,3 MESSAGE — -» JT^^ 

.H Y3RID -H-;^^- err?. CDM>. 2460i^ 

2^20: - con 3000 

oo'O 29-0 2530 2..0 

25^0 _ ^rT-T-'iCTG GCCCCTC^-OG 

T-c^5 sssrsi sss? ^""f'- ^rt'-if 
^ ?.^.c>.bSos?s ^-i^gis -fs^G-. ^t^::^^. — 




123 TO <622 O. _ ^ 

-,040 3050 = - 

3020 

r-r^TiTTO^ G.-^.Gs.Tr«l^- r 

G ^> 



-sis^. rsi^ssi ^ frf'i *=rrf "="t 
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___^2540i 123 TO 4622 OF HUMAK CFTR Cn«C__2580i ^2S90> 

3070 3080 3090 3100 3110. 3120 

TAAGTCMiGA MTtMCGJA GAWSfcCXTAJl AOCAOT^ 1111^1^1 ^l?f^5^ 
ATTCACTTCT TTAATTOCTr CTTCTOMOT TCCTCACGGA AAAACTACTA TACCTCTCGT 
ISEE INE EOL KECL FDD HES> 

^CYSTIC FIBROSIS TRANSMEMBRANE COTOOCTANCE RECUlATORir CODOi, > 

Vi HyBRTD EIA-CFTR-'EIB MESSAGE " > 
: >60Q 4 - ^fg ?i^2^l^ CFTR.CENA__?640i ^2650> 

3130 3140 3150 3160 • 3170 3180 

TACCAGCACT GACTACA!«W AACACATACC TrCGAOATAT TACTCTTCAC AAGA^J^ 
ATCSGICGTCA CTGATtSTACC TTCTGTATOG AAOCTATATA ATGACACGTG *TCTa»ATT 
IPAV TTW NTY l'R'Sfl TVH KSI-> 

• gysTlC FIBROSIS TRANSMEMBRANE OJNIXJCTANCE BEGOLATOR? CODON 

h HYBRID EIA-CFTR-EIB KSSSAGE «■ > 

>.2 66q V 12 3 TO 4622 OF HUMAN CFTR CEMA 270.0i : ^2710> 

3190 3200 3210 .. 3220 3230 3240 

TITITCTCCT AATTTCG7XJC TTAGXAAaTT- TTCTOSCAGA GCTGGCTCCT TCrtTCCTTG 
AAAAACACGA TTAAACCACG AATCATTAAA AAGACCGTCT CCACCGACGA AGAAACCAAC 
IF VL IWC LVI rLA E VAA SLVa- 

cySTIC FIBROSIS TRANSMEMBRANE CC-tnSCJCTANCE. RBCOIATORf CODON ^> 

h___HYBRID ElA-CFTR-ElB KSSSAGE ^ h ^> 

2 720 i 123 TO 4622 OF HUMAN CFTR CENA ^27601 ._2770> 

3250 3260 3270 3280 3290 3300 

TGCTGTGGCT CCTTOGAAAC ACTCCTdTC AAGACAAAGG GAATAGTACT CATAGTAGAA 
ACGACACCGA GGAACCrTTG TGAGGAGAAG TTCTGTTTCC CTTATCATGA GTATCATCTT 
VL WL LGN TPL QDKG NST HSR> 

^CYSTIC FIBROSIS TRANSMHMBRAlv'E CONDOCTANCE REGULATOR; CODON > 

h H YBRID ElA-CFTR-ElB MESSAGE h [ > 

2 7BQi 123 TO 4622 Or HUMAN CFTR CmA 2S20i 2830> 

3310 3320 3330 3340 3350 3360 

ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATGTGTTT TACATTTACG 
TATTGTCGAT ACGTCACTAA TAGTGGTCGT GSTCAAGCAT AATACACAAA ATGTAAATGC 
WNSY AVI ITS TSSY YV? YIY> 

CYSTIC FIBROSIS TRANSHEMBIVJ^ caTOUCTANCE REGUl-S^TOR; CODON > 

'•r:^?:ZD £Lf.-CFTR-il3 KESS^.GE h > 



28<0i 123 TO <i622 Or HU!l-JJ CFTR Ca-U-. 2580: 



3570 3380 3590 5400 3410 3420 

TGGd^GTAGC CO^.Z^.CTrrZ CTTGCTATGG G^.TTCTTCAG AGGTCTACCA CTGGTGCiTA 
..-.Cv.JTCt.TCG GCTGTOJ^.ivC Gi-J^rcO^.TACC CTPJkGPJ<OTC TCCA.GATGCT GACCACGTAT 
VGVA DTL LAH GFrR GLP LVH> 

CYSTIC ri2?.0SIS THAKS>iIH3?JiJvE COnJDUCTANCH: CODON > 

^ ' HYsklD SIA.-CFTR-IIB MESSAGE h > 

2900*i 123 TO 4622 Cr KOyj^^ CFTK CD]>1A 2940i 29 50> 

3430 3440 3450 3460 3470 34SC 

r 

CTCTAJ^TCAC AGTGTCGAAA ATTTTACA.CC ACAA^-i.TGTT AC;^.TTCTGTT CTTCAAGC.AC 
aAGATTAGTG TCACAGCTTT TA.^>.ATGTGG TCTTTTAO-^ TGTAA.GACAA ai-.^GTTCGTG 
TLIT VSK ILH HKHL H S V L0>-> 
CYSTIC FIBROSIS TR;»iN^S?*Sl-IBR^-H^ COIOUCTWOCE REGUu^vTOR; COTX):-:- 
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h HyRRTD ElA-CFTR-EiB M ESSA GE ^TT^ ^TTTX^ 

.2960i 123 TO 4622 OF KOMMi CFTR CEMA 30001 _^3010> 



3«0 3500' 3510 3520 3530 35<0 

CTATXJTCAAC CCTCWvCACC TTOAAACCAG CTGCCyLTrCT TAATAOATTC T g^AAW A 
GATACAGTIG GGAGnxnW MCTTrCCTC :CACCCTAA<» ATTATCTAAG AQCTTTTOT 
PMS T LHT LKA GCIL NRF 5KD> 

CTSTIC FIBROSIS TRANSMD4BRANE. CONDOCTAKCE. REXOTA CODON ^> 

■ h H VBRID EU-CFTR-EIB MESSAGE rr=;r** 

a oao ^ 1 2 3 TO 4622 OF KOMftM CFTR CENA 3060a 3070> 

3550 3560 3570 • 3580 3590 3600 

TAGCAATTIT GSATCACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAC rrCTTATTAA 
ATCGTTAAAA CCTACTGGAA GACGGAGAAT GGTATAAACT GAAGTAGGTC AACAATAA.TT 
JA IL DDL LPIi TI.FD FIQ l.LIi> 

CySTIC FIBROSIS TRANSMEMBRANE CCNCOCTANCE REGOIATORj CODON ^> 

\ h ■ H yBRID EIA-CFTR-EIB MESSAGE . _^ P- 

3 QB0i ^123 TO 4622 OF HUMAN CFTR CENA ^3120l 313 0> 

3610 3620 3630 3640 3650 3660 

TTCrrGhTtGd AGCTATAGCA GTTGTCGCAG "nTTtiaMX C^TOTt ^tTGO^lG 
AACACTAACC TCGATATCGT CAACAGCGTC AAAATGTIGG GATGTAtSAAA CAACGTTGTC 
IVIG AIA V VA VLQP .VIF VAT> 

cySTIC FIBROSIS TRANSMEMBRANE CCNDOCTANCE REGULATOR; CODON > 

h HYBRID ElA-CFTR-ElB MESSAGE h .> 

3 14 P i 12 3 TO 4622 OF HUMAN CFTR CENA 3180a ^3190> 

•3670 3680 3690 . 3700 3710 3 7 2 0 

TGCCAC3TGAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTC CAAftC C TCACAGCAAC 
ACGGTCACTA TCACCGAAAA TAATACAACT CTCGTATAAA GGAGGTTTGG AGTGTCGTTG 
VPVI VAF IML RAYF LOT S0 0> 

^CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

HYBRID EOA-CFTR-EIB MESSAGE b > 

3200i 123 TO 4 622 OF HUMAN CFTR CDNA 3240i 3250> 

3730 3740 3750 3760 3770 3780 

TCAAACAACT GGA>.TCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTA^. 
AGTTTGTTGA CCTTAGACTT CCGTCCTCAG GTrAAAAGTG AGTAGAACAA TGTTCa^Ji.TT 
LXQL ESE GRS PIrT HLV TSLj> 

C^'STIC FIBROSIS TRANSMEMBHAJvE CC}vTOCTAi:CE REGULATOR; CCrCi'? > 

^ V, :-ri3RID ELn-CFTR-IlB MESSAGE h > 

2260'i 123 TO 4622 O? HUM^^ CFTR CEX^. 3500i 3310> 



3790 3800 3810 3820 3830 3840 

;-AGa^.CTATG G.-.CACTTCGT GCCTTCGa^C GSCAGCCTTA CTTTGAAACT CTCTTCC-.C^ 
TTCCTGATAc ctgtga;>.gca CGGAAGCCTG CCGTCGGAAT GAAACTTTGA GACA.VC-GTGT 
K G L W T L R A F G K Q P V F E T L F H> 

CYSTIC FIBROSIS TRAJv'S^^EhGR^UvE C01>?DUCTA3>)CE rIEGULATOR; C0EX5N* > 

h' HYBRID ELfc.-CFTR-I13 MESSAGE h > 

3320i 123 TO 4622 OF rvJ^/J-^^ CFTR CDNA. 3360i 2o70> 



3850 3860 3370 3880 3890 3900 

AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT UTC^ACACTG ' CGCTG3TTCC 
TTCGAGACTT AiJ^.TGTATGA CGGTTGACCt. AGVvO^.TC-GA CAGTTGTGAC C-CCi-.C----.C-3 
K A L N LHT A N W T L Y L STL R v; F> 
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.CYSTIC riBROSlS^TRANSKEKBRANB CONCOCTANCE RBGUIATOR; CODW .> 

I h___HYBR2D EU-CFTO-EIB MESS^lGE — — h r-rr^ 

^3380i X23 TO 4622 OF HUMAN CFTR CDMA 3420X 3430> 



3910 3920 3930 3940 3950 3960 

AAATGAGAAT AGAAATGATT TTrGTCATCT TCTTCATTCC TGTTACCTTC ATTTTCATTT 
TTTACTCTTA TCTTTACTAA AAACACTAGA AGAAGTAACG ACAASDGGAAG TAAAOGTAAA 
QMRI EMI FVI FFIA VTF IS1> 

gygrig FIBROSIS TRANSI^DIBRANE CCWDCXrTANCE REGOLATOR; CCHX3H 

, h . w ymiD E1A*CFTR-E1B MESSAGE h 

^3440i ^123 TO 4622 OF HUMAN CFTR CDNAu-— 34801. 3490> 



3970 3980 '3990 4000 4010 4020 

■ * • 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 
ATTGTTGtCC TCTTCCTCTT CCTTCTCAAC CATAATAGGA CTGAAATCGG TACTTATAGT 
L T^G EGE CRV GIIL Tr#A* M NI> 

^CYSTIC FIBROSIS TRANSMHMBRANE COTOJCTANCE RBGUIATOR; COIO? > 

h' H YBRm EU-CFTR-EIB MESSAGE h > 

^3500i ^123 TO 4622 OF HUMAN CFTR Cr»lA.«_3540i , — 3S50> 

4030 4040 4050 4060 4070 4080 

TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG' ATGCGATCTG 
ACTCXTGTAA CGTCACCCGA CATTTGAGGT CGTATCTACA CCTATCGAAC TACGCTAGAC 
MSTL QWA VNS SIDV DSL MRS> 
C ygTTg FIBROSIS TW^SHEMBRANE CONDOCTANCE RBGOIATOR; CaiXN__> 

h H YBRID EIA-CFTR-EIB MESSAGE h ! > 

35601.; 123 TO 4622 OF HUMAN CFTR CIMA ^3600i 3610> 

4090 4100 4110 4120 4130 4140 

TGAGCCGAGT CTTTAAGTrC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 
ACTCGGCTCA GAAATTCAAG TAACTGTACG GTTGTCTTCC ATTTGGATGG TTCAGTTGGT 
VSRV FKF IDM PTEG KPT KST> 

CYSTIC FIBROSIS TRANSHEhBRAhTE CONDUCTANCE REGULATOR; CODON > 

h HYBRID EIA-CFTR-SIS MESSAGE > 

36201 123 TO <622 OF HUMAN CFTR CDMA 36601 3670> 



4150 4160 4170 4180 4190 4200 

AACCATAC^J^. GAPi.TGGCCAA CTCTCGAAAG TTATGATTAT TGAGAATTCA CACGTOAAG;^. 
TTGGTA7GTT CTTACCGGTT GAGAGCTTTC AATACTAATA ACTCTTAAGT GTGCACTTCT 
K?VK NGO LSK VMlI ENS KVK> 

CYSTIC "I3ROSIS TRANSKSySRrJvE CONDUCT>J^CE REGULATOR; CQDDN > 

h " " HYBRID EU-CrTR-E13 MESSAGE h > 

3680i 123 TO 4622 Or HUMAN CFTR CTt^ 37201 3730> 

4210 ;220 4230 4240 4250 4250 

^AGATGAO^.T CTGCCCCTCb. C-GOGGCC;-^A TG^.CTGTCA;^. AGATCTCAC6. GCAAAATAe-. 
TTCTACTGTA GACCGGG.i.GT CCCCCGGTTT ACTGAC^^GTr TCTAGAGTGT CCTTTTATCT 
KDDI WPS.GGQMTVK DLT AKY> 

CYSTIC FIBROSIS TR«iJ^'SMEhSRA>7E C0>7D-JCTANCE REGULATOR; CODON > 

h r>.3?aD £lA-CrTR-E13 !<ESSAGE h > 

37401 123 TO 4622 0? H"J>VJ>? CFTR CDMA 37801 3790> 

4270 4280 <2?0 4300 4310 432C 

CAGAAGCTG3 ;^A^.TGCC~TA TTAGAGAhC-. TTTCCTTCTC ^Zj^LiH^^S^ ^XzSf^^^^'^ 
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TEGG NAI I- .EN ISFS ^ 
—CYSTIC FlBRdSIS TRANSKQffiRAKE CCWDOCTANCE BBGOIATOR; COI»l 



h H YBRID EIA-OTR-EIB MSSSACB _ rsr;-> 

3B00i 123 TO 4622 OF HOMAN CFTO. CIX^^ 3B«0i 3850> 



4330 4340 4350 «60 " 4370 .4380 

TGGGCCrcrr GGGAAGAACT GC»TCAGCSCA AGACTACTTT (HTATCAGCT "TITCAGA^ 
ACCCGQAGAA CCCTTCTTGA CCTACTCCCT TCTCATGAAA CAATAGTCCSA AAAAACTCTG 
VGLL C RT GSG KSTL LS..A FLR> 

C VCTTC FIBROSIS TBAMSMEMBRANE CCa^EOCTANCE RBGOIATOR; CODOt? ^> 

, h H YBRID EIA-CFTR-EIB MESSAGE ^ ^ > 

3860i X23 TO 4622 OF HDKAN CFTR CDMA 39001 3910> 

4390 4400 4410 4420 4430 4440 

TACTGAACAC TGAAGGAGAA ATCCAGATCC ATGGTGTGTC TTGGGATTCA ATAACTTTGC 
ATGACriGTG ACTTCCTCTT TAGGTCTAGC TACCACACAG AACCCTAAGT • TATTGAAACG 
LLNT E CE IQI D .GVS WDS ITJj> 

C YfiTTC FIBROSIS TRANSMEMBRANE CONDOCTANCE RBC3OIAT0R; CODON ^> 

h m sRID EIA-CFTR-EIB MESSAGE h ^> 

3920 i 1 33 TO 4622 OF HUMAN CFTR CENA^«_3960i 397 0> 

4450 4460 4470 4480 4490 4500 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 
TTGTCACCTC CITTCGGAAA CCTCACTATG GTGTCTTTCA TAAATAAAAA AGACCTTGTA 
QQWR KAF GVI PQKV FIF S:GT> 
C YSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCS RBGUIATOR; COD0N__> 
h . H YBRID EIA-CFIR-EIB MESSAGE > 



3980i ^123 TO 4622 OF HUMAN CFTR cmA 402Qi - 4Q^Q=>. 

4510 4520 4530 4540 4550 4560 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 
AATCTTTTTT GAACCTAGGG ATACTTGTCA CCTCACTAGT TCTTTATACC TTTCAACGTC 
FRKN LDP YEQ WSDQ EIW KV Jb^ 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON__> 

h HYBRID El>.-CrrR-E13 MESSAGE h > 

4040i 123 TO 4622 Or HUMAN CFTR CI»IA_4080i 4090> 

4570 4580 4590 4600 4610 4620 

ATGAGGTTGG GCTC^vGATCT GTG;^.TAG.-,-.C AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 
7ACTCCAACC CGAGTC7AGA CACTATCTTG TCA;:AGCACC CTTCGAACTG A-^ACACa-J^.C 
D E V G L R S V I E Q r ? G K L D r V L.> 

CYSTIC FIBROSIS THANSME?QRANE CONDJCTANCE REGULP.TOR; COIX)N__> 

h HYBRID ElA-CrTR-E13 MESSAGE h > 

<100i 123 TO 4622 OT KUKAN CFTR CTX^ 4140i 415C> 

4630 4640 4650 4660 4670 . 46£: 

TGC^.TGOGGG CTGTGTCCTA AGCO.TGCCC AC-AGC-iGTT G;'.TGTGCTTG G-CTAGATCTG 
ACCTACCCCC GACAC^GGA.T TCGGTACCCC TGTTCGTCAA CTACACGAAC CG.^.TCTAa-,C 
V D G G C V L S H G n K Q L M C L A R S> 

CYSTIC FIBROSIS TR;^>3SMEM5RAJ>n: CONn>'JCT;»JvICE REGULATOR; CODON > 

h HYBRID ElA-CrTR-El3 t<ESSAGE h > 

4160i 123 TO 4622 0" KUl-SAJv CFTR CDKA 42001 42i:> 

4690 4700 <"10 <72C 4730 474: 

':tctc-.gt;^a ggcgaag-.tc rrocro-irrz kTr-^j-'zu-.z tgctc-.tttc G.i.TCC-.CT.--- 
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MGACTCXTT CCGCTTCTAC AACCACGAAC TACTTGGGTC ACGACTAAAC CTAGCTCATT 
VLSK AKl L-Lt- .DEPS AHL DPV> 
g ygTTr FIBROSIS TRANSKEMBRANE CWEOCTANCE HBGUIATDR; OOO0M....,_^>. 

h HYBRID EIA-CFTR-EIB MESSAGE h ^ 

^4220i 123 TO 4622 OF HUMAN CFTR CDNA__4260l.: .4270> 

4750 4760 4770 4780 4790 4800 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA CTAATTCTCT 
GTATGGTTTA TTAATCTT C T TGAGATTTTG TTCGTAAACG ACTAACGTGT CATTAAGAGA 
TYQI I RR.T.LK QAFA DCT V X Ls> 
C VSTTg FIBROSIS Tiy^SKDfflRANE CONDUCTANCE REGULATOR; CODONL__> 

h .HYBRID EIA-CFTR-EIB MESSAGE h ^ 

4 2BQj 123 TO 4622 OF HUMAN CFTR CDMA^_4320i ;4330> 

4810 . 4820 4830 4840 4850 4860 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 
CACTTGTGTC CTATCTTCGT TACGACCTTA CGGTTGTTAA AAACCAGTAT CTTCTCTTGT 
CEHR lEA MLE CQQF L V I E E N> 
_CYSTIC FIBROSIS TRANSMDfflRANE CONDUCTANCE REGULATOR; COD0N__> 

h H YBRID ElA-CFTR-ElB MESSAGE ^ h—I > 

4340i ^123 TO 4622 OF HUMAN CFTR CENA_4380i ^4390> 

4870 4880 4890 4900 4910 4920 

♦ 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 
TTCACGCCGT CATGCTAAGG TAGGTCTTTG ACGACTTGCT CTCCTCGGAG AAGGCCGTTC 
KVRQ YDS IQK LLNE RSL rRO> 

^CYSTIC FIBROSIS TRANSMEMBRANE CC»7D0CTANCE REGULATOR; CODaN__> 

" ^HYBRID ELA-CFTR-EIB MESSAGE h > 

4400i 123 TO 4622 OF HUMAN CFTR CDMA 44401 ^44 50> 

4930 4940 4950 4960 4970 4980 

CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 
GGTAGTCGGG GAGGCTGTCC CACTTCGAGA AAGGGGTGGC CTTGAGTTCG TTCACGTTC=i 
A ISP SDR VKL rPHR NSS KCK> 

CYSTIC FIBROSIS TRANSM^^^3RA^IE CONDUCTANCE REGULATOR; CODON > 

h HYBRID El^-CTTR-EIB MESSAGE - h > 

44601 123 TO 4622 Or HUl^ CFTR CD^3A 45001 <510> 

4990 5000 5010 5020 5030 5040 

CTP-rvGrCCCCA GATTGCTGCT CTGAAAGAGG AGACAGr'-AGA AGAGG i G\— AA GA *. ACAAGOn* 
GATTCGGGGT CT^-P^CGACGA GACTTTCTCC TCTGTCTTCT TCTCCACGTT CTATGTTCCG 
S K ? 0 T ^ L K E E T E E E V Q D T R> 

CYSTIC rlBP.OSIS TJV-Jv^SHEhiBRANE CONDUCT^^J^CE REGUL^.TOR; CODON > 

h KY3?J:D ETJ^.-CrTH-IlB .MESSAGE h > 

<520i 123 TO 4622 OF h?Jl<P2^ CrTH CIS>IA 4560i <57C> 

5050 5060 5070 5080 5090 5100 

TTTAC^CnGC AGC-.T.-J^J^.TG TTGAC?»TGGG ACATTTGCTC ATGGAA.TTGG AGGTAGCGG.^ 
Ai^Ji.TCTCTCG TCCTATTTAC AACTGTACCC TGTAAACGAG TACCTTA.ACC TCCATCGCCT 

> 

h rrr3RID E1A-Crr?.-E13 KEISS^CZ h > 



i580i 123 TO 4 622 O? ^•AJ>•liJ^ CTTr. CDiV- 4 620i > 
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5110 5120 5130 S140 5150 5160 

TTCAGGTACT ©^TCTCTC GGCGTGGCTT AAGGGT^ i^^lHH JJSS^ 
AACTCCATCA. CTTTACACAC CCGCACCGAA TICCCACCCT TTCTTATATA TTCCACCCCC 

h I MBRID ilA-CFTR-ElB MESSAGE n > 

i n » Eia 3' OOTRANStATED gEQ0EMCES,,,,5 0 . g 6 0 > 

k' i fl • g'ft 3' INTROM „K ^40 K SO > 

5i70 5180 5190 5200 5210 5220 

TCTCATCTAG TmOTATCT CrmCCAGC AGCCGCCGCC ATCAGgCCA ACT^TTTCTl 
AGAGTACATC AAAACATAGA CAAAACGTCG TCGGCGGCGG TACTCGCGCT TGAGCAAACT 

MSA M S F Do- 



_h. 



JKBRID EIA-CFTR-EIB MESSAGE . Jl 



70 Q ElB 3* ONTRANSIATED SEQUENCES 110 — S 120, 



60_1E1B 3 • INTRCJM ^80. 

5230 5240 5250 5260 5270 5280 

TCGAAGCATT GTCAGCTCAT ATTTGACAAC GCCCATGCCC CCATTOGC^ GGGTGCGTOl 
ACCrrCGTAA CACTCGAGTA TAAACTGTrC CGCGTACCGG GGTACCCGGC CCXZACGCAGT 
GSI VSS YLTT RM-P PWA G VRQ> 

IX PROTEIN (HEXCN-ASSOCIATED PROTEIN) ; C0IX»^^ART=1 > 

. b HYBRID EIA-CFTR-EIB MESSAGE — fl > 

" l 1 IX. MRNA 1 1 : > 

130 g E LB 3' ONTRANSIATED SEQOENCES 170__g ^180 

5290 5300 5310 5320 5330 5340 

GAATGTGATG GGCTCCAGCA TTGMGCrTCG CCCCGTCCTG CCCGCAAACT CTACTACCTT 
CTTACACTAC CCGAGGTCGT AACTACCAGC GGGGCAGCyvC GGGCGTTTGA GATGATGGAA 

NVM GSS IDGRPVLPAN S TTI^ 
IX tsROTEIN (HEXON-ASSOCIATED PROTEIN) ; CODON_STAKr=l 





n ^HYBRID klA-CFTR-ElB MESSAGE _h ^> 

1 1 IX MRNA 1 . 1 ■—— > 



19Q "o Z 1B^3 • UNTRANS1AT5D SEQUENCES 230 — g 240 > 

5350 5360 5370 5380 5390 5400 

GACGTACGAG ACCGTGTCTG GA^CGCCGTT GGAGACTGC^ GCCTCCGCCG CCGCTTCAGC 
CTGGATGCTC TGGCACAGAC CTTGCGGO^A CCTCTGACGT CGGAGGCGGC GGCasAGTCG 
yvr- TVS GT?L ITA ASA AAS A> 

lxx"?RCTEI2v (HZXON-a^SDCIATH^ P.^OTZrN) ; C0D0N_START=1 > 

KYBRID ElA-CFTR-llB MESSAGE . h > 

1 1 IX MRM?.. 1 . I 



> 



250 "c E13 3' LP.sT?UNSLA7EI) SEQUn^CZS 290 — g 300_> 

5<10 5<20 5430 5440 5450 5460 

CGCTGCnGCC ACCGCCCGCG GGATTGTGAC TG:.CTTTGCT TTCCTGAGCC CGCTTGC-AG 

gcg;^.cgtcgg tggcc-ggcc-c cct;^acactg actgaaacga aaggactcgg gcga;^.cgttc 

AAA TAR GIVT DFAFLS PLAS> 

ix pp.CTEDvJ (KEXON-ASSOCIATED PROTEXN) ; C0DDN_START=1^ > 

h rr/3RID ElP.-CrTR-E15 MESSAGil h > 

\ 1 IX K?Ji< 1 1 : > 



310 ~o E13 3' OWRANSL-^TED SEQUENCES 350 — g 360 > 

5470 5480 5490 5500 5510 552C 

C-.GTC>C--.GCT TCCCCTTC'.T CCGCCCGCG-. TGVC:vA.GTTG ACGGCTCTTT TGGCA.C--A— 
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CnCACGTC(y. ACGGCAXGTA CGCGGCCGCT ACTGITCAAC TeCCG^(^ 

h H YBRIO ElA-CTTR-ElB HESSAG E _ ^ > 

370 E ia"3'^"'a5lwSs^P SEQOEWCES ^4l0__g 420__> 

5530 5540 5550 . 5560 5570 5580 

GG;.TI«TrC ACCCOGGWVC rTAATGTCcJ TTCTCAOCAg CTCTTGGATC JGCGCCAGCA 
CCTAAGAAJC lOCCXCCTre J^ITACAGCJ '^^'^ t'^'T^ 

IX PROXEm (HEXC3N-ASS0CIMED PROTEIN) ; caDa«_STARr=l _!__> 

h H YBRID EIA-CFTR-EIB MESSAGE : n ^> 



1 1 DC MRltt 1 7=T— 

A^ a a E lB 3* tWXIlMJSLATED SEQUENCES ^470. 



_480_ 



5590 5600 5610 5620 5630. 

Gcrmntscc ctcxaggct^ ccrcccxncc caatcotctt JJJJJEJJJJ 

CCWAGACGG GXCTTCCGAA GGAGGGGAGG GTTACGCCAA ATTTTGTATT TATIT 
VSA LKA S S. PP N A V •> 

DC PROTEIN {HDCON-ASSOCIATED PROTEIN) ; C > 

h__mBRID EIA-CITO-EIB MESSAGE n > 

'l 1 D C MRU* ^1 : ^ ^ 



49 0 g E lB 3' UNTRANSLATED SEQUENCES 530. 
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Nadeotide Sequence Analjfds of Ad2-fl)RF6/PGK-CFTR 

LOCUS AD2-ORP6/P 36335 BP VS-XXVi 

DEPIKITICN - 

ACCESSION - 
KEYWORDS 
SODRce. 

FEXTORES From To/Span 

trag 12915 36335 

trng 3S069 35973 



pre-Asg > 35^73 < 35069 (C) 



IVS 


35794 


35084 


(C) 


IV5 








JVS 


35794 


35268 


(C) 


XV5 


35794 


35295 


(C} 


ZVS 


35794 


3S343 


fC) 


TVS 


35794 


35501 


(C) 


IVS 


35794 


35570 


(C) 


IVS 

frag 

pre-msg 


35794 
35978 
36007 


35766 
36335 
< 35978 


(C) 
<C) 


cpt 


36234 


36335 




frag 
pept 
pept 


^ 12915 
< 28478 
28478 


35054 
28790 
28790 


3 
1 


2DRNA 


29331 


< 12915 


(C) 


pre-nsg 


< 12915 


16352 





pre-msg < 12915 20208 



pre-mfig < 12915 24682 



pre-msg < 12915 30462 



pre-msg < 12915 35037 



SO. 106-117 
50, 106-117 



I J. Virol. 50, 
50, 



106-117 
106-117 



Description 

10676 to 34096 of Ad2-E4/ORF6 
33178 to 34082 of Xd2 eeq 
E4 ttRNX (Nucleic Acids Res. 9, 167S-1689 
(1981)1/ l^' Mol. Biol. 189-221 
(1981)1« (lifucleic Acids Res. 12, 3S03-3519 
(1984)1, [Unpublished (1984)) (Split] 
E4 xdBKA. intron D7 (J. Virol. SO, 106-117 
(1984) J, (Nucleic Acids Res. 12, 3503-3519 
(1984) ] s (Unpublished (1984) ] 
E4 inRNX intron D6 (Nucleic Aci<is Res. 12, 
3503-3519 (1984)] 
E4 mRNA intron D5 (J. Virol- 
(1984)) 

£4 BiRNA intron D4 (J. Virol, 
(1984)1 

£4 ^RNA intron D3 
(1984)1 

E4 nRNA intron D2 (J. Virol. 
(1984)1 

E4 mRNA intron Dl (J, Virol. 50, 106-117 
(1984)1 

E4 mRNA intron P (J. Virol. 50, 106-117 (1984)] 
35580 to 35937 of Ad2 seQ 
E4 toRNA (Nucleic Acids Res. 9, 1675-1689 
(1981)1, (J. Mol. Biol. 149, 189-221 

(1981) ], (Nucleic Acids Res. 12, 3503-3519 
(1984) 1 , (Unpublished (1984) ) (Split 3 

inverted terxainal repetition; 99-54% (Biochem. 

Biophys. Res. Commun. 87, €71-678 (1979)), [J. 

Mol. Biol. 128, 577-594 (1979)1 

1 to 32815 of Ad2 seq [Split] 
33K protein (virion morphogenesis) 
33K protein (virion morphogenesis) ; 
codon^s tarts 1 

E2b ttRNA (J. Biol. Chea. 257, 13475-13491 

(1982) ] [Split] 

major late inRNA LI (alt.) (J, Mol. Biol. 149, 
189-221 (1981)], (J. Virol. 48, 127-134 (1583)] 
[Split] 

major late xnRNA L2 (alt.) (J. M'-l. Biol. 149, 
189-221 (1981)], [J. Virol. 38, 469-482 
(1981)1, tJ. Virol. 48, 127-134 (1983)] (Split) 
major late mRNA 1*3 (alt.) (Nucleic Acids Ree : 
9 1-17 (1981)), (J. Mol. Biol. 149, 189-221 
(1981)], IJ. Viro3^. 48, 127-134 (J.983)] [Split] 
major late mRNA 1-4 (alt.) [J. Mol. Biol . 149. 
189-221 (1981)], IJ. Virol. 48, 127-134 (1983)] 
(Split] 

laajor late mRNA LrS (alt.) (J. Mol- Biol. 149, 
189-221 (1981)], Virol. 48, 127-134 (1983)3 

(Split] 
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Niideofide Seqaence Analy^ (conL) 





< 


12915 


13278 




< 


12915 


16368 




< 


12915 


18754 


2VS 


< 


12915 


20238 


IVS 


< 


12915 


21040 


zvs 


< 


12915 


23888 


IVS 


< 


12915 


26333 




< 


129i5 


13005 




< 


12915 


13005 


???? 


< 


12915 


13262 


pept 
pept 




13279 
14547 


1452 6 
16304 


signal 




1^331 


16336 


pept 




16390 


. 18105 


pept 




18112 


18708 



pept 
signal 

pept 

pept 

???? 

signal 

pre-msg 

pre*m6g 

pre-rmsg 



18778 
20188 

20240 

21077 

< 12915 

24657 

28193 

2819S 

29330 



19887 
20193 

20992 

23983 

24631 

24662 

24659 

24659 

24659 



ma-lor late inRKA intron (precedes 52,55K iiiRNA; 

W 851^ (1979)1, [J. Hoi, Bicl^l34, 143-158 
fl979>l tJ. Mol- Biol. 135, 413-433 
a979 itx«e 292, 420-426 (1981)] [Split] 
aa-ior lite »RKA intron (prec^ee penton laRNA; 
M SSx^ Virol. 48, 127-134 (1983)1 

i3ii*^iatG intron (precedes pV nRNA; 2nd 

w'SNi" tJ^ol. caiea, 259, 13980-13985 
(1984)1 ISpIxt) (precedes pVl iriRKA? 1st 

Biajor late aRNA intron (preceaes hexon ^f^t 
2nd L3 ffliaw.) (Proc. Katl. Acad. Sea. V.S,f>^. 75, 
S22S«26(l978)l,(Ccll 16, 841-850 (1979)3 

iSir'Lte »W» iitron (precedes 23K 3rd 
^ ntftNA) INUelelc Acids Res. 9, 1-17 C198l)J 

Sir^'Ltc mRMA intron (precedes lOOK rtRNAj lat 
M ^) (Virology 128. 140-153 J ISPjitl 

1 SKA (alt.) tJ. Biol. Che*. 252 , 9043-9046 

iiT^^St!] (J. Biol. Chem. 246. 6991-7009 
a971)l,tJ. Biol. Che». 2S2, ?047-90S4 
^X977)l^ [Proc. Natl. Acad. Sci. U.S.A. 
2424-2428 (1980)1 (Split 1 ^ ^ , „ ^ ^ 
VA II RNA [Proc. Natl. Acad. Sea. U.S.A. 77, 
3778-3782 (1980) I , [Proc. Katl. Acad. Sci. 
U.S.A. 77. 2424-2428 (1980)1 (Splltl 
S2,5SK protein; codon_etart=l 
Ilia protein (peripantonal hexon-aesociated 
protein; splice sites not sequenced); 
codon_start=l 

najor late inRNA Ll poly-A signal (putative) 

39.21% ^ , 

penton protein (virion con^xsnent III) . 

codon^fitartal 

Pro-VII protein (precursor to ma^or core 
protein); codon_6tart=l 

pV protein (minor core protein) ; codon_etart=l 
inajor late mRNA L2 polyadenyation signal 
(putative) 49.94% 

pVI protein (hexon-asfiociated precursor) ; 
codon-.s tart 5=1 xt\ . 

hcxon protein (virion component II > , 
codon start =1 

23K protein (endopeptidase) ; codon_start=l 

fSplitl . . -I 

major late aRNA lO- polyadenyatxon signal 

(putative); 62.38% 

E2a late aiRMA (alt.) I J- Mol. Bxbl . 149, 
189-221 (1981)1 ^ . ^ ^ ^ 

(C) E2a late mRNA (alt.) JNucleic Acids Res, 

. 3S03-3519 (1984)1. (Unpublished (1984)3 
<C) early C'^lt.) I-^- Mol. Biol. 149. 



1 
1 



(C) 



12, 
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Ntideotf de Sequence Analysis (conL) 





29331 




24659 


Aignal 


24683 




24678 




2»18 




24729 


TVS 


26953 




26328 


pdpt 


26347 




28764 


ZV$ 


29263 




27031 


zvs 


28124 




27211 


XVS 


28791 




28992 


pept 


28993 


> 


29366 




29454 




30137 




29848 




33103 




30220 




30614 


signal 


30444 




30449 


signal < 


12915 




32676 


pept 


31051 




3 1530 




31707 




32012 


signal 


32008 




32013 


IVS 


32822 




33268 


signal 


33081 




33086 


?777 < 


12915 




35017 


signal 


35013 




35018 


pre-rnsg 


35054 


> 


35041 


frag 


1 




12914 


SNA 


1 


> 


356 


rpt 


1 


> 


103 



frag 
frag 



10 



357 
915 



103 



379 
923 



189-221 (1981)] 
(C) E2a early i&RKft (alt.) (J. Kol. fiiol. 149 « 

189-221 (1981)] ^ 
(C) E2a mRKA polyadenyation signal on coap stirand 

(putative); 62.43% 
(CI DBF protsin (im binding or 72K protein) ; 

codon^tartd 
(C) £2a nRNTk intron B [Kiieleic Acids Res« 9« 

4439-4457 (1981)1 
1 lOOR protein (hexon asseznbly) ; oodon^star^sl 
(C) Z2a early niRMTi intron k [Cell 18« 569-580 

(1979)] 

(C} E2a late biRNA intron A [Virology 128, 140-1S3 

(1983) ] 

33K-pept intron [J. Virol. 45, 251-263 (1983)] 
1 33K protein (virion aorphoganssis) 
1 pVIIl protein (hexon-associated precursor) ; 

codon^s tart s 1 

13-2 »RNA; 85.88% [Gene 22^ 157-165 (1983)] 
major late x&RKA intron ('x' leader) [Gene 22, 
157-165 (1983)]^ (J. Biol. Chem, 259, 
13980-13985 (1984)] 

major late niRNA Ii4 polyadenyation signal; 
(putative) 78.48% 

major late mRNA intron (*y' leader) [J. Mol. 

Biol. 135, 413-433 (1979)]. [J. Virol- 38, 

469-482 (1981)1, lEMBO J. 1, 249-254 

(1982)], (Gene 22, 157-165 (1983)1 [Split] 
1 E3 19K protein (glycoeylated membrane protein) 

codoTL-Startsl 
1 E3 11. 6K protein; codon^atartel 

£3-1 viBXOi polyadenylation signal (putative); 

82« 69% 

major late mRKA intron C z ' leader) ( Proc . 
Katl. Acad. Sci. U.S.A. 75, 5822-5826 

(1978)1, [Cell 16, 841-850 (1979) J , (MO J. 1, 
249-254 (1982)3, [Gene 22, 157-165 (1983)] 
E3-2 nRNA polyadenyation eignal; 65.82% 

(putacive) 

fiber protein (virion component IV) ; 
codon^scarc=l [Split] 

major late mRNA L5 polyadenyation signal; 
(putative) 91.19% 
(C) E4 mRNA (Nucleic Acids Res. 9, 1675-1689 
(1981)1, I J. Mol. Biol. 149, 189-221 
(1981)1, (Nucleic Acids Res. 12, 3503-3519 

(1984) 1, [Unpublished (1984)] [Split] 
1 to 12914 of pAd2/PGK-CPTR 

1 to 357 Ad2 

inverted terminal 'repetition; 0.28% [Biochem. 
Biophys. Res- Comman. 87, 671-678 (1979)], (J. 
Mol. Biol. 128, 577-594 (1979)1 
inverted terminal repetition; 0-2B% [Biochem. 
Biophys. Rec. Comntun. 87, 671-678 (1979)]. (J- 
Mol. Biol. 128, S77-S94 (1979)) (Split) 
lin)cer segnvent 

polylinlccr cloning sites ISplit) 
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< 

< 



< 
< 



signal 
frag 

fi Ignal 



£rag 

revision 



924 
5567 

380 

955 
5501 
5523 
5555 
S564 

959 
2868 



modified 1814 



site 
6ite 



BASE. COOMT 
ORIGIN 



$59 
976 
991 



1001 
1011 



954 
12914 
914 

958 
5522 
5555 
5560 
5567 
5500 
2868 

1814 
975 
990 

1001 



> 
> 



5500 
5453 



8S97 A 10000 C 



polylimcer cloning sice© [Spllfe] 

3328 to 10685 of Ad2 [SpUt] 

pgic proxDOter ^ 

polylinker cloning cites [$plit] 

polylinkar clonii^ oltee (Splitl 

cyn. BGH poly A 

linker tSplitJ 

linker [Split J 

920 to 5461 of PCMV-CPTR-936C 

ttietake in published sequence of Riordan et 

Al, C not A is correct = N to H a.a. Change 

936 T to C imitation to inactivate cryptic 

bacterial promoter. Silent amino acid change 

polylinker segeaent fron pCKV-CPTR-936C 

<Rc/CMV-Invitrogen $peI-B«tXI) [Split] 

linker segment from pCH/-CFTO-936C. Originally 

Sall/BstXI adaptor oligo 1 499P S 

linker eegemant frott pCMV-CraR-936C. 

originally from pMT-CFTR construction oligo 

1247 KG -Sal I to Aval sites • 

123 to 4622 of HUMCFTR 

cystic fibrosis transmeateane conductancse 

regulator? codon^tartal 

9786 C 7952 T 0 OTBER 



Ad2-ORF6/P Length: 36335 



tK6/P Mnocn- ^e3j=» Sep 16, 1993 - 08:13 EM Check: 1664 
1 Si^^T AaTATA^ AT^^ GAAGCCAATA TGATAATCAQ GOGGTCGAGT 
filSSSS^ JcJ«OGGCG TCGGAACCSOG GCGGOTCACG TACTACTGTO GCGGAAGTCT 

181 G1X3TCCGCCG GTOTATACOG GAAGTSACAA '^^^^^ SSSSS SSSSS 
241 tAAXTOTGGG CGTAACCAAG TAATOTTTGC CCATTOrPCGC ^^^^^^ 
301 StGAAATCT GAATAAITCT GTCTTACTCA ^^^^^^^^ S^SSJ S^SSS^ 
361 AOOTCGAOC5G TCTATCGATA AOCTTGATAT CQAA1TCC00 GGTTTCGOT ^^CTTTTC 
421 SSSCAGCC CTOOGMTCC GCAGGGACGC GGCTGCTCTC GGCGTCGOTC CGGGAAACGC 

T-J w^^SSCi; riXC;«tr-?^ -TCGCACATTC ttcacgtccg ttcgcacxxtt cacccggatc 

til J^SSS^ ^S?^ SSSSS IScriCCIC GTCCGCCCCT AAGTCGGGAA 
It^ ^^^^^ S^^r^fiGC GTGCCGGACG 7<yiCAAACGG AAGCCGCACG TCTCACTAGT 

721 GCCAATAGOG GClOCl^GC AGOGCGCGCC GAGAGC^ ^SSS^^ 
781 GAGG0C5OGGT GTCGGGCGGT AGTCTCGGCC Cl«TCCTC^ ^^fS^SS S^^CTC 
841 TCCAAGCCTC CGGAGCGCAC GTOOGCAGTC GGCTCCCTCG TOGACCGA^ fACCGACCTC 
901 TCTCCCCAG^ ATCCACTAGT ATTAAAICGT ACGCCTAOTA WTAAATOOT 
Qfil ACGGCCC3CCA GTGTC3CTGCA GATATCAAAG TCGACGGTAC CCGAGAGACC ATCCAGAOCT 
IMi SSSS SSgSaGC GITCTCTCCA AACTITTTTT CAOCTCGACC AGACCAACTT 

"11 SSSSS JJ^SSacag cgcc^aat -i-^c^ ^SSSS SSSSS 

1TA1 A'WgTC CT V a . CAATCTAXtr' CAAAATTSG AAAGAGAXTO CGATAOXGAG CTOOCITCAA 

^^S? iSSSSS SmScSt iATCcccrrc ggcgatcttt -mcrcoAGA tttatgttct 
^S^^iiSS JJSSSS gSaasica ccaw^gcagt acaccctctc ttactogcaa 

1261 ATQGAATCTT 2^^*^* ^Jy^^mu^CA ACGAGCAACG CTCTATCGCG ATTTATCTAC 

l^li ^^SS^ SSSS? JSSactcct cctacaccca occArrmo 

l4!l S?SSS5 CaSaTCACAA TAGCTATGTO TAGTrrGATT TATAAGAAOA 

Ittx SSSSSgT StTCTAGATA AAATAAflTAT aCGACAACTT GrTAGTCTCC 

nil S?SSSI ?cTGaSaAA TTTOATCAAC CAOTPGCATT OGCACATTTC GTGIVKSATCG 

1 1I? S^SJgca agtggSSc ctcatcgggc taatctggoa ottcttacag gcgtctccct 

8 ?SSS^ SSlX^cnx; fCCTTTT^ GGCTG^ ^SS^SS 

1741 TCATCAAGTA CAGAGATCAG AGAGCIGOGA AfATCAGTGA >*JJCTTGTG J^^Jg^ 
1801 AAATCATTCA AAACATCCAA TCTCTrAAGG CATACTCCTC GGAAGAAGCA ATGGAAAAAA 
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TOAWGWOA CTTAAGACAA ACAGAACTCX AACTCACTOG Q AAOGCACCC Y ATGTG AGAT 
1921 ACTTCAATAC CTCAlSCCTTC TICCTCTC A G OCTTCmOT CCTCTTTTTA TCTSTOCTTC 
1981 CCTATOCACT AATCAAAOGA ATCATOCOCC OGAAAATATT CACCACCATC TCATTCTOCA 
2041 TTOTTCroCG CATCGOOCTC ACTO(5C5CAAT TTCOCTMGC TCTACAAACA TOSTATOACT 
2101 CTCTTOGAGC AATAAACAAA ATACACGATT TCTTACAAAA CCAAGAATAT AAGACATTOG 
21€1. AATATAACTT AAOGACTACA GAACTAGTGA TCGACAATOT AACACCCttTC TGGGAGGAOO 
2221 CATTTCOGGA ATTATTTOAG AAAGCAAAAC AAAACAATAA CAATAGAAAA ACWCTAATC 
2281 OTCATCACAO CCTCTTCTTC AOTAATTICT CACTTCTTGG TACTCCTGTC CTGAAAGATA 
2341 ITAATITCAA GATAfiAAAOA GGACAGTTCT TGGCGGrrGC TCGATCCACT GGAOCAOGCA 
5401 AGACTTCACT UCTAATCATC ATTATOGGAG AACTCGAGCC TICAGAGGGT AAAATTAAfiC 
2461 ACA0IOGAA6 AATTOCATTC TOTTO T CAGT TXTCCICGAT TATGCCTCGC ACCATTAAAC 
2521 AAAATATCAT CTXTCGIOTT TOCTATOATC AATATAGATA CAGAAGOGTC ATCAAAGCAT 
2581 GCCAACTAGA AGAGGACATC TOCAMTTTO CAGAGAAAOA CAATAaSAGTT CTTGGAGAAC 
2641 GTOGAATCAC ACTOAGTOaA OGTCAAOGAG CAAGAATTIC OTTAQCAAQA GCACTATACA 
2701 AAGATGCTCA rrTCTATTTA TTAGACTCTC CTTTTGGATA CCTAGATOTT TTAACA GAAA 
2761 AAGAAATATT TCAAAGCTCT GTCTOTAAAC TOATOGCTAA C AAAACT AGG XTTTTOGTCA 
2821 CTTCTAAAAT GGAACATTTA AAGAAAGCTC ACAAAATACT AATITIGC^ GAAGGTAGCA 
2881 GCTAimTA TCGGACATTT TCAGAACTCC AAAATCTACA GOCAGACTTT AGCTCAAAAC 
2941 ICATOOGATC «yiTTCTTlC GACCAATTTA GOWCAGAAAG AACAAATOCA ATCCTAACTC 
3001 AGACCTXACA COGOTTCTCA TTAGAAGGAG ATGCTCCTGT CTCCTCGACA GAAACAAAAA 
3061 AACAATCTTT TAAACAGACT GGAOAGTrTG OGGAAAAAAG GAAGAATTCT ATTCTCAA3C 
3121 CAATCAACTC TATAOGAAAA TTTTCCATTC TCCAAAAGAC TCCCTTACAA ATGAATGGCA 
3131 TCGAAGAGGA TTCTOATGAG CCTTTAGAGA GAAGGCTGTC CTTAGTACCA GATT COXSAGC 
3241 AGGGAGAGGC CATACTaCXTT CGCATCAGCX3 TCATCAGCAC TGGCCCCACG CTTCAGGCAC 
33bi GAAGGAG0C31 tfi C iVIXXTO AACCOXSATGA CACACTCAGT TAACCAAOCT CAGAACATTC 
3361 AGCGAAAGAC AACAOCA3CC ACAOGAAAAC TCTCACTGGC CCCTCA GGCA AACTTOACTG 
3421 AACTOGATAT ATATTCAAGA AGGTTATCTC AAGAAACOGG CTTGGAAATA AGTGAAGAAA 
3481 rrTAAGGAAGA AGACTTAAAG GAGTCCCTTT rTCATGATAT OOAGAGCATA CCAGCAG TCA 
3541 CTACATCGAA CACATACCTT CGATATATTA CTGTCCACAA GAGC TTAATT ^^TTGroCTAA 
3601 TTXGGTGCrr AGTAATTTTT CTOGCAGAGG TGGCTGCTTC TTTGOTSXSfSG CTSTGGCTCC 
3661 TTCGAAACAC TCCTCTTCAA GACAAAGGGA ATAGTACTCA TAGTAGAAAT AACAOCTATG 
3721 -CAGTCATTAT CACCAGCACC AGTTCGTATT ATGTGTTTTA CATTTACXnG C3GAGTAGCCG 
3781 ACACmGCT TCCTATGGGA TTCTTCAGAG GTCTACCACT GGTGCATACT CTAATCACAG 
3841 TCTCGAAAAT TTTACACCAC AAAAT6TTAC AITCrCTTCT TCAAGCACCT ATG TCAACC C 
3901 TCAACACGTT GAAAGCAGGT GOGATTCTTA ATAGATTCTC CAAAGATATA GCAATTTTGG 
3961 AIGACCTTCT GCCTCTTACC ATATTTGACT TCATCCACTT GTTATTAATT GTGATTGGAG 
4021 CTATAGCAGT TCTOOCAGTT TTACAACCCT ACATCTTTGT TCCAACAGTO CCAGTGATAG 
4081 TCGCTTTTAT TATOTTOAGA GCATATTTCC TCCAAACCTC ACAGCAACTC AAACAACTCG 
4141 AATCTOAAGG CAGGAGTCCA ATTITCACTC ATCTTGTTAC AAGCITAAAA GGACTATOGA 
4201 CACTTCGTGC CTTCGGAOGG CAGCCTTACT TTGAAACTCT GTICCACAAA GCTCTCAATT 
4261 TACATACTCC CAACTCGirTC TTCTACCTCT CAACACTGCC CTOGOTCCAA ATCAGAATAG 
4321 AAATOATTTT OCTCATCTTC TTCATTCCTG TTACCTTCAT TTCCATTTTA ACAACAGGAG 
4381 AAGGAGAAGG AAGAGTTOGT ATTATCCTGA CTTTAGCCAT GAATATCATG AGTACAOTCC 
4441 AGTCQGCTCT AAACTCCAGC ATAGATCTCG ATAGCTTGAT GCGATCTCTC AGCCGAGTCT 
* 4501 TTAAGOTCAT TCACATCCCA ACAGAAGGTA AACCTACCAA GTCAACCAAA CCATACAAGA 
45.61 ATCGCCAACT CTCGAAAGTT ATGATTATT^ ^CAATTCACA CGTGAACAAA GATGACATCT 
4621 GGCCXrrCAGG GGGCCAAATC ACTOTCAAAG ATCTCACAGC AAAATACACA GAAGGTCGAA 
4681 AIGCCATATT AGAGAACATO TCCTTMCAA TAAGTCCTGG CCAGAGGGTC GGCCTC^ 
4741 GAAGAACTOG ATCAGOGAAG AGTACTTTGT TATCAGCTTT TOTGAGACTA CTGAACACTC 
4801 AAGGAGAAAT CCAGATCGAT OGTOIGTCTT GGGATTCAAT AACTTTCCAA CAGTCCAGGA 
4861 AAGCCrnxSG AGTCATACCA CAGAAAGTAT ' TTATTCTTTC TCGAACATTT AGAAAAAACT 
4921 TOGATCCCTA TOAACAGTCG AGTGATCAAG AAATATGGAA AGTTGCAGAT GAGGTrGGGC 
4981 TCAGATCTCT GATAGAACAG TTTCCTGGGA AGCTTGACTT TGTCCTTGTC GATCGGGGCT 
5041 GTCTCCTAAG CCA-PSGCCAC AAGCAGTIGA TGTGCTTOGC TAGATCTGTT CTCAGTAAGG 
5101 CGAAGATCTT GCTCCTIGAT GAACCCAGTC CTCATTCTGGA TCCACTAACA JACCAAATAA 
5161 TTAGAAGAAC TCTAAAACAA GCAITTGCTG ^^'TTGCACAGT AATTCTCTGT ^^ACAGGA 
5221 TAGAAGCAAT GCTCGAATCC CAACAATTTT TGGTCATAGA AGAGAACAAA GTGCGGCAGT 
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5281 ACQATTOCAT CCAOAAACOXS CTCAAC«AGA OOAGCCTCTT CCQGCAAfiOC ATCAiXXrcer 
5341 GCGACAGGGT CAW5CTCTW COOCACOGGA ACTCAAGCAA CTCCAAflTCT AAGCGOCAGA 
5401 TTOCTC5CTCT CAAAfiAfiOAC ACAGAAGAAO AGGTOCWfiX TACAAQOCTT ^AGAGCAG 
5461 CATAAATCTT GKCATQCXAC ATTTCCTCAT OGAATTOCaG AAATOGTAOa OTAOGAOGC 
5521 GTAATAAAAT CJ^MAAArTTG CATOOCATTC TCTSAOGOCT •IAOGOGGGAX OCTGCTOAfiC 
5581 TACGATOAGA CCOOCACCAG GTGCAGACCC TGOGAGTGTC GOGGTAAXCA TATTAGGAAC 
S641 CAGCCTCTCA TCCTGGATCT CACCGAGGAG CTGAGGCCOG ATCACTOCGT CCrGGCCTGC 
5701 ACCCOOGCTC AGTTTCGCTC TAGCGATGAA GATACAGATT GAGGTACTGA AATGTOTOOG 
S76i CX5TCGCTTAA GOGTOGGAAA GAATATATAA OGTCGGGCTC TCATGTAGTT TOGTATCTCT 
5821 TITCCACCAS COGOOGCCAT GAGOGCCAAC TCGTTTCATO GAAGCATTCT GAGCTCATAT 
5881 TTGACAAOGC GCATCCOCCC ATOGOCOGGG GTOCGTCAGA ATGTCATOGG CTC5CAGCATT 
SMI GATOGTOGCC CGGTGCTOCC COCAAACTCT ACTACCTTGA CCTACGACAC OGTCTCTOGA 
6001 ACGOOGTTOG AGACIOCAOC CTOOGCOGCC GCTTCAGCOG CTGCAGCCAC OGCOOGCOOG 
6061 ATTGTOACOG ACrTTOCTrT CCTGACCCOG CTXCCAAGCA OXOCAQCT TC OOGTTCATCC 
•6121. GGCCX;CGATG ACAAGTTOAC GGCTCTTTM GCACAATIGO ATTC TTTOAC OOGOG AACT T 
6181 AATCTCGTTT CTCAGCAGCT GTTOGATCTG CGCCAfiCAGG TTTC TQCC CT GAAGGC TOCC 
6241 OCCCCTCCCA ATOGOGTITA AAXCATAAAT AAAAACCAGA CTCTOrmOO ATTTTGATCA 
6301 AGCAAGTGTC TTGCTCTCTT TATTTAGGGG TTTTGOGCGC GCGGTAGGCC COOGACCACC 
6361 CGTCTCGGTC GTTOAGOGTC CTS3TGTATTT TTTCCAGGAC GTOGTAAACG TCACTCTOGA 
6421 at5TTCAGATA CATOGGCATA AGCCCGTCTC TOGGGTGGAG GTAGCACCAC TGCAGAGCTT 
6481 CATOCTGCXXS GGTOGICTIC TAGATCATCC AGTCGTAGCA GGACOGCOGG GC GTCGTGCC 
6S41 TAAAAATCTC TTTCAGTAfiC AAGCOWATTC CCAGGGGCAO CCCCTTOGTO TAAGTGTTTA 
6601 CAAAGCGGTT AAGCTOOGAT GGCTOCATAC OTOOGGATAT GAGATOCAXC TTCGACTGTA 
6661 TTTTTAGGTT CGCTATGTTC CCAGCCATAT CCCTCOGOGG ATTCATCTXG TGCAGAAOCA 
6721 CCAGCACAGT GTATCCGGTO CACTTOGGAA ATTTGTCATG TAOCTTAGAA CGAAATGOGT 
6781 GGAAGAACTT GGAGAOGCCC TTCTGACCTC CGAGATTTTC CATOCATOCG TCCATAATCA 
6841 TOGGAATOOG CCCACGGGCG GCGGCCTGOG OG AAGATAT T TCTOGGATCA CTAACCTCAT 
6901 AGTTOTCTTC CAGGATGAGA TCCTCATAGG CCATTTTTAC AAAGCGCGGO CGGAOGGTCC 
6961 CAGACTOCGG TATAATOGTT CCXKCOGCC CAGGQGCGTA GTTACCCTCA CAGATTTGCA 
7021 mCCCAOGC TTTCAGTTCA GATCGGGGGA TCATGTCTAC CTCCGCGGCG ATCAAGAAAA 
7081 CCCTTTCOOG GGTAGGGGAG ATCAGCTOGG AAGAAAGCAG CTTCCTOAGC AGCTCCGACT 
7141 TACCGCAGOC OGTCGGCCCG TAAATCACAC CTATTACCGG CTCCAACTOG TAGTTAAGAG 
7201 AGCOXSCAGCT 6CCGTCATCC CTGAGCAGGG GGGCCACTTC GTTAAGCATG TCCCTGACTT 
7261 GCAOXnTTTC CCTCAOCAAA TGCGCCAGAA GGCGCTCGCC GCCCAGCGAT AQCAGTOCTT 
7321 GCAAGGAACC AAAGTTTTTC AACOOTTTGA GGOCGOCCCC OCraOGCATC CTTTTOAGCG 
7381 mxSACCAAG CAGTTCCAGG CGGTCCCACA OCTCGGICAC GTGCTCTACO GCATCTCGAT 
7441 CCAGCATATC TCCTCGTTTC GCGGGTTOOG GOGGCTTTCC CTCTAOGGCA GTAGTCOGTG 
7501 CTCGTCCAGA CGGGCCAGGG TCATGTCTTT CCACGGGCGC AGOGTCCTCG T CAGC GTAGT 
7561 CTCGGTCACG GTGAAGOGGT GOGCTCCGGC CTCCGCGCTG OCCAGGGTCC OCTTGAGGCT 
. 7621 GGTCCTCCIX3 GTCCTCAAGC GCTCCCGGTC TTCGCCCTGC GCGTCGGCCA G GTAC CATTT 
7681 GACCATGGTC TCATAGTCCA GCCCCTCCGC GGCGTGGCCC TTGGCGCOCA GCTTGCCCTT 
7741 GGAGGftGGCG CCGCACGAGG OGCAGIGCAG ACTTTTAAGG GCGTAOAGCT TCGGCGCGAG 
7801 AAATACCGAT TCCOGGGAGT AGGCATCCGC GCCQCACGCC CCGCAGACGG TCTCGCATTC 
7861 CACGAGCCAG GTCAGCTCTG GCCGTrCGGG GTCAAAAACC AGGTITCCCC CATGCTTTTT 
7921 GATCCGOTTC TTACCTCTGG TITOCATGAG CCGGTCTCCA CGCTCOGTGA CGAAAAQGCT 
7981 GTCCGTOT CC CCGTATACAG ACTIX»GAGG CCTGTCCTCX5 AGCGGTGTTC COCX3GTCCTC 
8041 CTCGTATAGA AACTCGGACC ACTCTCAGAC GAAGGCTCCC GTCCAGGCCA GCACGAAGGA 
8101 GGCTAAGTGG GAGGOGTAGC GGTOGTTGTC CACTAGGGGG TCCACTCGCT CCAGOGTCTG 
8161 AAGACACATC TCGCCCTCTT CGGCATCAAG GAAGOTSATT GGTITATAGG TOTAGGCCAC 
8221 GTCACCGGGT GTTCCTCAAG GGGGGCTATA AAAOGGGGTC OGOGCGCGTT CGTCCTCACT 
8281 CTCTOCCGCA TCGCTCTCTG CGAGOGCCAG CTGTTGGGGT GAGTACTCCC TCTCAAAAGC 
8341 GGGCATX^ACT TCTGCGCTAA GATTGrTCAGT TTCCAAAAAC CAGGAGGATT TCATATTCAC 
8401 CTGGCCCGCG GTCATGCCTT TGAGGGTGGC CGCGTCCATC TOGTCAGAAA AGACAATCTT 
8461 TTTCTTGTCA AGCTTGGTGG CAAACGACCC GTAGAGGGCG TTGGACAGCA ACTTGGCGAT 
8521 GGAGCGCAGG GTTTGGTTTT TGTCGCGATC GGCGCGCTCC TTCGCCGCGA TGOTTAGCTG 
8581 CACGTATTCG CGCGCAACGC ACCGCCATTC GGGAAAGACG GIX^TGCGCT CGTCGGGCAC 
8641 CAGGTCCACG CGCCAACCGC GGTTGTCCAG GGTGACAAGG TCAACGCTGG TGGCTACCTC 
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8701 TCCGCGTAGC CXSCKXmGG TOCASCAGAG GCOGCCGCCC TIGOGCGAAC AGMSGOOGG 
8761 TAOOCGGTCT AGCTCOGTCT CGTCCOGQOG CTCTCCGXCC ACOGTAAAGA CCCCOGCCAG 
8821 CA0GCGCG06 TOGAAOTAGT CTATCTTCCA TCCTTCCAAO TCTAGOGCCT TCTCCCAOGC 
8881 GOOSGOGGCA ABQGOGOOCT CC/naaaafHT GAOTCOOGOA CCCCATOOCA Te»OGTG<SGT 
8941 GAGCGOQGAG GOQXHCKIGC OGCAAATQTC CTAAACGTAO AOOtttiCTCTC TCACTArTCC 
9001 AAGATATCXA GGGXAGCATC TTOCACOfiOG OATQCTQCaG OGCAOOXAAT OCTATAGTTC 
9061 GTGCOAOGGA GCGAGGAGGT OaOGACCXSAfi GTTCCXAOOO GOGGGCIXSCT CTGCTOGQAX 
9121 GACTATCTCC CTCAAGATCG CA3CTa»GTT OGATCSXTATG GITOGAOGCT OGMGAOGTr 
9181 GAAGCIGGCG TCTGTGAGAC CTACCGCGIC ACX3CACGAA6 6AGO0CTA00 AGXOOOGCAG 
9241 CKCrrOACC AGCTCOGCGe TCACCTCCAC CTCTAOeCCG CAGTAOTCCA OGGTTTQCTT 
9301 CATOATOTCA TACTTATCCT CTCCCTTTTT TOTCCACAQC TOGCOOCTaA OGACAAAGIC 
9361 TTCCCGOTCT TTCCAOTACT CTTCGATCGa AAACCOGTCO GCCTC06AAC OOTAAGAdCC 
9421 TAGCATCXAG AACTCGTTOA CGGCCTOOTA OOCCCAeCAT CCCTTOTCIA OGGGTAGOGC 
9481 GTATCCCTCC OCOGCCTTCC OGAGCGAGGT GTOGGTSAGC GCAAAG6TOT CCCTAACCAT 
9S41 CACTTTCAGC TACTGOTAOT TOAAfiTCAGT GOCGTCGCAT CCGCCCTOCT CCCAGAGCAA 
9601 AAAGTOCGTG CXXOTTTTGG AACCOOOOTT TGOCAGGGCO AAOOTGACAT CttTTOAAAAG 
9661 TATCmcCC OCGOGAGGCA TAAAOTTGCG TGTOATGCSOG AADGGTOCOQ OCACCTOGSA 
9721 ACGGTIOTTA ATTACCTOOG CGGCGAOCAC GATCTOCTOG AAGCCGTTGA ^COTrffrOOOC 
9781 CACGATCTAA AGTTCCAAGA AGCGORSGGT GCCCITGATG GAOOGCAATT TTTraAGTTC 
9841 ClOGTAGGTG AGCTCCTCAO GGGAGCTGAO CCCGTCTTCT GACAOOGCOC ACTC TCCAAG 
^901 ATGAGGGTTC GAAGCGAOGA ATCAGCTCCA CAGGTCAOCG GCCATTAGCA OTTOCAOOTG 
9961 GTCCCGAAAC GTCCTAAACT GGCGACCTAT OCCCATTTTT ITCTGGOGTCA TCCAGTAGAA 
10021 GGTAAGCGGG TCTTGTTCCC AGCGGTCOCA TCCAAGGTCC ACGGCTftGGT CTCGCGC30GC 
10081 CCSTCACCAGA GGCTCATCTC OGCOCAACTT CATAACCAfiC ATCAACOOCA CGAOCOXSCTT 
10141 CCCaiAAOCCC CCCATCCAAfi TATAGGTCTC TACATCCTAG GTC3ACAAAGA GAOGCTOGCT 
10201 OOQWSGATOC GAOOCGATCG GGAAGAACTG CATCTCC5CCC CACCACTTCG AQ GAOTGGCT 
10261 6TTOA«MO0 MAAAOTaOA AGICCCTGCG ACGGGCCGAA CACTCGTCCT OGCTTTTGTA 
10321 AAAAOQTOOG CAGTACTOOC AGOOGTCCAC CGGCKJTACA TCCTGCACGA OGTTGACCTG 
10381 AOGACOQCOC ACAAGOAAOC AOAOTCOOAA TTXOAOCCCC TOGCCTCGCO GGTTTGGCTG 
10441 CTCGT«TCT ACTTCGOCTG CrmT CC TTO ACCOTCTOOC TQCTOGAGGG CAGT^GGT 
10501 OGAICGGACC ACCACGCCGC GCGAfiCCCAA AOTCCAGATG TOOOOGOGCG GCGGXOSGAG 
10561 CTKSATGACA ACATCGCGCA GATOOGAGCT GTCCATOOTC TO6ACCTCCC GCOGCGACAG 
10621 GTCAGGCGGG AGCTCCTOCA GGTTTACCTC OCATAGCCOG GTCA0G006C OCGCTACeiX: 
10681 CAGGTCSATAC CTCATTTCCA GGGGCTGGIT GST06CGGCG TCGATGACTT CC AAGAGC CC 
10741 GCATCCCCGC OGCGCGACTA COOTACCOCG CGGOGGGCGG TGGGCOGCGG GGGTSTCCTT 
10801 QGATCATCCA TCTAAAAGCC GTGACGCGGG CGGGCCCCCO GAOGTAGGGG GGGCTCGGGA 
10861 CCCGCCOGGA GAGOOOOCAC CGGCACGTCG GCGCCGCGCG CGOGCAGGAG CTOGTGCTOC 
10921 OCQCOGAOOT TCCTCGCGAA CGCGACGACG COGCGOTTGA TCTCCTGAAT CTGGCGCCTC 
10981. IGCXSIGAAGA CGACGGGCCC GGT6AGCTTG AACCTGAAAG AGAGTTCGAC AGAATCAATT 
11041 TOSGTOTCGT OGACGOCGGC CTGGCGCAAA ATCTCCTCCA CGTCTCCTGA GTTOTCTTGA 
11101 TAGGCGATTT CGGCCATGAA CTCCTCGATC TCTTCCTCCT GGAGATCTCC GCGTCCGGCT 
11161 OQCTCCACGG TCGCGGCGAG CTOGTTOGAG ATGCOGGCCA TCAOCTOCCA GAMGCOTTG 
11221 AGGCCICCCT CCTTCCAOAC GCGGCTGTAG ACCACGCCCC CTTCOGCATC GCGQGCGCGC 
• 11281 ATGACCACCT GCGCGACATT CAGCTCCACG TQCCGGGCGA AGAOGCCCTA GrrrCOCAGG 
11341 ^AAAGA GGTAGriXSAG CGTOCTGOCG GTGTGTTCTe CCACCAAGIA GTACATAACC 
11401 CAOCGTCGCA ACGTGGATTC GTTSATATCC CCCAAGGCCT CAAGOCOCTC CATGGCCTCG 
11461 TAGAAGTCCA CGGCGAAGTT CAAAAACTGG GAGTTSCGCG CCGACACGGT TAACTCCTCC 
11S21 TCCAGAAfiAC GGATCAGCTC GGCGACAOTO TCGCGCACCT CGCGCTCAAA GGCTACAGOG 

11581 Gccrcnxrrr cotcaa-tctc ctcttccata hcaacc^cc cttcttcttc -rrcrrcTGGc 

11641 GGCGGTOGGG GAGGGGGGAC ACCGCGGCGA CGACGGCGCA CCGGGAGGCG GTCGACAAAG 
11701 CGCTCGATCA TCTCCCOGCO GCGAOGOCGC ATOGTCTCGG TGACGGCGCG GCCGTTCTCG 
11761 CGGGGGCGCA GTIGGAAGAC GCCGCCCGTC ATGTCCOGGT TATGGGTTGG CGGGGGGCTG 
11821 CCG-rcCGGCA GGGATACQGC GCTAACGATG CATCTCMCA ATTGTTGTGT AGGTACTCCG 
llSai CCACCgSgG ACCTGAGCGA GTCCGCATCG ACCGGATCCC aaaacctctc gagaaaggcg 
lltll SSSS? ScIgTCGCA AGGTAOCCOG AGCACCGTGC COCGCGCCAC CGGOrGGCGG 
lllor ^S^^T ScaXXK:GGA GGTGCTSCTG ATGATGTAAT «^TCTTGAGA 
12061 CGGCCGATOO TCGACAGAAO CACCATGTCC TTGGGTCCOG CCTGCTGAAT GCGCAGGCGC 
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13121 TCOJCCATCC CCCAGGCTOC GTTTTCACAT COGCGCAGGT CTTOOTAOTA GTCTTOCATG 
12161 AGCCTTTCTA CCOOCACTTC TTCTTCTCCT TCCTCTTOTC CTSCATCTCT TCCATCTATC 
12241 GCTACGGC03 CGGCGGAGTT TOGCOGTAGG TGGCGCCCTC TTCCTCOCAT GCGTCTGACC 
12301 CCGAASCCCC TCATCOOCTG AMCAGGOCC AGCTC0GC3GA CAACGOGCTC GGCTAATATC 
12361 GCCTC C TCCA CCTCCGTOM GOTAOACTGG AACTCATCCA TOTCCACAAA GOOOTOCTAT 
12421 GOGCXXGTOT TCATCfiTOTA AGIOCAGTTO OCCATAAC300 ACCASTiaAC OCTCTOGTOA 
12481 CCCGCCTOCG AGAGCTCGCrT CTACCTGACA OGOCSAOTAAO COCTTGAGTC AAASApOTAG 
12541 TCGTTCCAAG TCOGCACCAG GTACTCATAT CCCACCAAAA AQTOOSGCGG OOGCTOCOOQ 
12601 TAGAOOOOCC ACOGTACSOOT GGCCOOGGCT COGGGGGCGA GGTCTTCCAA CATAA(500GA 
12661 TCATATCOCT AOATGTACCT GC3ACATCCAC CTttATOCCGG OOGOOOTXSCT 06AGGOGOOC 
12721 OGAAAGTCGC OGACGCGGTT CCAGATCITC CX5CAGCGGCA AAAAGTOCTC CAIOGTCGGG 
127B1 ACGCTCTGGC CGGTOAGGCG TGOOCAGTCC nTOACGCTCT AOACCOTGCA AAAOC3AGACC 
12841 CTOTAAGC3GC GCACTCTTCC GTCGTCTOGT GOATAAATTC CCAAGGCTAT CATCGCGOAC 
12901- tSACOSGOGTT OCSAACCCCGG ATOCOGCOGT CCGCCOTOAT CCA TGCGG Tr ACCGCCCX5CG 
12961 TCTCGAACCC AGGTOTOOGA CGTCAGACAA CGGGGGAfiCG CTCCTTTOGG CTTOC TICCA 
13021 GOCOOGGCOG CMCTCCX3CT AGCTTTTT TO GCCACTOGCC GCOOGCGGCG TAAGCG GTTA 
il3081 GGCTOGAAAfi CGAAAGCAOT AAOTOOCTCO CTOOCOOTAG CCXK5A0GGOT ATTTTOCAAfi 
13141 CGTTOAGTCO CAGGACCCCC OCTICOAGTC TCOGGCCGGC COGACTOCOG CGAAOGQCGG 
13201 TTteCCTCCC CGTCATCCAA GACCCOGCTT GCAAATIX^CT CCOOAAACAG GOACGAGCCC 
13261 GTTTITrGCT TTTCCCAGAT CCATCCGGTG CTC5CGGCAGA TGCCCCCCCC TCCTCAOCAG 
13321 CGGCAAGAGC AAGAGCAGCG GCAGACATGC AGGGCACCCT CCCCTTCTCC TACCGCCTCA 
13381 GGAGOGCCAA CATCCGCGGC TGACOCGGCC CCAGATCGTG ATTACGAACC CCCGOGGOGC 
13441 :GGGGCCeGGC ACTACCTCGA CTTGGAGGAG GGCOAGOGCC TGGOGCGGCT AGGAGOOCCC 
iSSOl TCTCCTCAGC GACACCCAAG GGTSCAGCTG AAGCGTGACA CGCGCGAGGC GTACGTGCCG 
13S61 OGGCAGAACC IGTTTCGCGA COGCXSAGGGA GAGGACCCCG AGGAGATGCG GGATOGAAAG 
13621 MCCAOGCAG GGCGCGAGTT GOGGCATGGC CTGAACCGCG AOCGGTTCCT GCGCCAOGAC 
134581 GACTTTOAGC CCGACGOGCG GACOOGGATT AGTCCCGOGC GCGCACACGT OGCGOCOGCC 
13741 GACCTOGTAA CCGCGTACGA GCAGACGGTS AACCAGGAGA TTAACTMCA AAAAAGCTTT 
13801 AACAACCACG TCOGCACGCT TGOGGCGCGC GAGGAGCTGG CTATAGGACT GATGCATCTG 
13861 TCGGACTTTO TAAGCGCCCT GOAGCAAAAC CCAAATAGCA AGCCCCICAT GGCGCAGCXG 

13921 ttccttatag tgcagcacag cagogacaac GAGGCATTCA oggatccgct octaaacata 
13981 gtaqagcccg agggccgctc gctgctcgat ttoataaaca ttctgcagag catagtcctg 
14041 caggagcgca gcttcagcct ggctgacaag GTCGCCGCCA TTAACTATTC CATOCTCAOT 
14101 CTCGGCAAGT TTTACGCCCG CAAGATATAC CATACCCCTT ACGTTCCCAT AGACAAGGAG 
14161 GTAAAGATCG AGGGGTTCTA CATGCGCATO GCGTTCAAGG tccttacctt gagcgacgac 
14221 CTOGGCOTTT ATCGCAACGA GCGCATCCAC AAGGCCGTGA GCGTGAGCCG GCGGCGCGAG 
14281 CTCAGCGACC GCGAGCTCAT GCACAGCCTG CAAAGGGCCC TGGCTGGCAC GGGCAGCGGC 
14341 GATAGAGAGG CCGAGICCTA CTTTGACGCG GGCGCTGACC TGCGCTGGGC CCCAAGCCGA 
14401 CGCX3CCCTOG AGGCAGCTCG GGCCGGACCT GGGCTGGCGG TGGCACCCGC CCGCGCTGGC 
14461 AACGTCGGCG GCGTOGAOGA ATATGACGAG GACGATCAGT ACGAGCCAGA GGACGGCGAG 
14521 TACTAAGCGG TCATCTTTCT GATCAGATCA TCCAAGACGC AAOGGACCCG GOGGTOCCGG 
14S81 CGGCGCTCCA GAGCCAGCCG TCCGGCCTTA ACTCCACOGA CGACTOGCGC CAGGICATCC 
14641 ACCGCATCAT GTCGCTCACT GCGCGTAACC CTGACX5CGTT CCGGCAGCAG CCGCAGGCCA 
' 14701 ACCGGCTCTC CGCAAnCTO GAAGCGGTCG TCCCCGCOCG CGCAAACCCC ACGCACGAGA 
14761 AGGTCCTGGC GATCGTAAAC GCGCTGGCCG AAAACAGGGC CATCCOGCCC CATGAOGCOG 
14821 GCCrxSGTCTA CGACGCGCIG CTTCAGCGCG TGCCTOGTTA CAACAGCGGC AACXnXK:AGA 
14881 dcAACCTGGA CCGGCTCGTC GGGGATGTGC GCGAGGCCGT GGCGCAGCGT GAGCGCGCCC 
14941 AGCAGCAGGG CAACCTCGGC TCCATGGTTG CACTAAACGC CTTCCTCAGT ACACAGCCCG 
XSOOl CCAACGTCCC GCGGGGACAG GAGGACTACA CCAACTTTCT GAGCGC ACTG CGGCTAATGG 
15061 TCACTOAGAC ACCGCAAAGT GAGGTOTACC AGTCCX5GGCC AGACTATTTT TTCCAGACCA 
15121 GTAGACAAGG CCTCCAGACC GTAAACCTGA GCCAGGCTTT CAAGAACTTG CAGGGGCTGT 
15181 GGGGQGTCCG GGCTCCCACA GGCGACCXXX5 CGACCGTCTC TAGCITGCTG ACGCCCAACT 
15241 CGCGCCrorr GCTCCTCCTA ATAGCGCCCT TCACXX3ACAG TGGCAGCGTG TCCCGGGACA 
15301 CATACCTAGG TCACTTGCTG ACACTGTACC GCGAGGCCAT AGGTCAGGCG CATCTGGACG 
15361 AGCATACrrX CCAGGAGATT ACAAGTGTCA GCCGCGCGCT GGGGCAGGAG OACACGGGCA 
15421 GCCTCGAGGC AACCCTGAAC TACCTGCTCA CCAACCGGCG GCAGAAGATC CCCTCGTTCC 
15481 ACAGITTAAA CAGCGAGGAG GAGCGCATCT TGCGCTATGT GCAGCAGAGC GTGAGCCTTA 
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1S541 ACCIGATCGO CaACCGGGTA ACGCCOCOG TQGCGCTeaA CAIGACOGCG CXSCAACATGS 
1S601 AAOMGGCacr GTATOCCTCA AACCGGOCGT TTATCAATCC CCTAATQQAC TACTTOCATC 
.15661 GCOCGOCCX»: CGTOAACXMC GAGTATTTCA CCAATGCCAT CTTGAAOOOS caCTOOCOAC 
15721 CGCCCCCKSG TTXCTACACC GGGGSATTTS AGOTCCCOSA COCTAAOaAT CCRTTCCTCT 
1S781 -OGGACGACAT ACSAOOACAGC CTOTTnCCC CCCAACCCCA CACX5C?IGCTA CAGTT 6CAAC 
1S841 AGCGOGAGCA COCAGAGGCfi GCGCttSOGAA AGGAAAOCW CCCCACGCCA AGCAGCTTCT 
15901 CCGATCTAOG oeCTCCGOCC CCOCCSTCAC ATSOGACTAC CCCATTTOCA AGCTTCWEAO 
15961 OQXCTTTTAC CAOCACTOQC ACCACCCOCC OGCCCCTCCX COGCCAflGAO <SACTACX3'AA 
16021 ACAACTOeCT OCTOCAGCOO CAGOGOGAAA ASAACCTOCC TCOGOCATTT CCCAACAAOO 
16081 GGATAGAGAG CCTAGTCGAC AAOATOAGTA GATOGAAGAC GTATQOOCAO GftGC ACAgCG 
16141 ATGTGC<XGG CCCGCGCCCC COCACCCGTC CTCAAAGGCA CG ACCgT CAO OOGGGTCTQS 
16201 TCTOOGAGGA CGATGACTCG GCAGAOGACA GCAGCGTCCT eaj^^™?^ 
16261 ACCCGTTTCC GCACCTTCGC CCCAOGCTOG GGAGAATCTT ^AAAAAAA MJLMM^ 
16321 CATGATCCAA AATAAAAAAC TCACCAAGCC CATOGCAOOG AOOCTTOCTT TOCTTOTATT 
i6381 CCCCTTACTA TCCAGCGCGC OGCGATGTAT CAGGAACGTC CTCCTCCCTC CTA^^eACC 
16441 GTCGTCAGCO COGOGCCACT GGOGOCCGCC CTOQCTTOCC CCOTOGATCC TCOOTTOGAC 

16S01 cooccemo oocctccgcg gtacctccgg cctaccoggg ggagaaacag cattoottac 

16561 ICMAOTTOC CACCOCTAIT CGACACCACC CffPCXOTACC TTGTCG^ 

16621 CKsateacxr ccctoaacta ccagaacgac cacagcaact ttctaaocac gctcmtcaa 

16681 AACAATCACT ACAGCCCGOO OfiAfiGCAAGC ACACAGACCA TCAATCTTGA OGACCGTTCG 
16741 CACTOGOGCG GCGACCTCAA AACCMOCTC CATACCAACA ^^CCAAMOT GAAOGAGTTC 
16801 ATCTTTACXA ATAAGTTTAA GGOGOQGGTG ATGGTST06C CCTOGCTTAC TAAOGACAftA 
16861 CAOOTOGAGC TCAAATATSA CTOGGTGGAG TOCACGCTOC COGftOQGCAA CTACTMQ^ 
16921 ACCATGACCA TAOACCTTAT GAACAACGOG ATCGTSSAfiC AOTJCTTGAA MTOGGCA06 
16981 GAOAACOGGtt TTCTOGAAAO CGACATCOGG CTAAACTTTG ACAeCOGCAA CTT CAgAC TC 

17041 cGcrrrcAcc cagocactgg totictcatg ccroaooTAT atacaaacga aoccttccat 

17101 CCAGACATCA TTXTCCTCCC AGGATCCGGG CTGCACTTCA CCCACAGCCG CCTCAOCAAC 
17161 TICTTOGGCA TCCGCAAOOO GCAACCCTTC CAOGAGGGCT TTAGGATCAC CTACGATSAC 
17221 C1X3GA0GGTC GTAACATTCC CGCACTGTTO CATGTOGACG CCTACCAGGC AAGCTTAAAA 
i7261 GATCACACCG AACAOGGOOG GGATGGCGCA GGCGGCGGCA ACAACAGTCO CAOCGOCGCG 
17341 CAAGAGAACT CCAAOGCOGC AGCCGOGGCA ATGCAGCOGG TCGAGGACAT GAACGATCAT 
17401 GCCATICOCC CCGACACCTT ItSCCACACGG CCGGAG6ACA AGCGCGCPGA GSCCGAGGCA 
17461 GCXSGCAGAAC CTCCCX^CCCC COCTCOGCAA CCCOAGGTCG ACAAGCCTCA GAAGAAACCG 
17S21 OTGATCAAAC CCCTCACAGA QGACAGCAAG AAAC6CAGTT ACAACCTAAT AAGCAATGAC 
17581 AGCACCnCA CCCAGTACC6 CAGCTOGTAC CTTGCATACA ACTACCOOGA CCCTCAGACC 
17641 GGGATCCGCT CATCGACCCT CCTTTGCACT CCTOACCTAA CCTGCGGCTC OCACCACCTC 
17701 TACTCGTCGT TCCCAGACAT GATGCAAGAC CCCCTCACCT TCOGCTCCAC OAGCCA OATC 
17761 AGCAACTTTC CGC?rc3GTCOG CGCCGAGCTG TTCSCCCGTCC ACTCCAAOAG CTTCTACAAC 
17821 GACCAGGCCG TCTACTCCCA GCTCATCCGC CACTTTACCT CTCTOACCCA CCTGTTCAAT 
17881 CGCTTTCCCG AGAACCAGAT TTTGGCGCGC CCCCCAGCCC CCACCATCAC CACCGTC^ 

17941 caaaacgtk: cigctctcac agatcacggg acgctaccgc tgcgcaacag catcggagga 
18001 ctccaoooag tcaccattac tcacoccaga cgccgcacct gcccctacgt ttacaacsgcc 
18061 ctcogcatag tctcgccgog cgtcctatcg agccgcactt tttgagcaaa catgtccmc 

18121 CTTATAICGC CCAGCAATAA CACAGGCtGG GGCCTGCOCT TCCCAAGCAA GATGTTTGGC 
. 18181 OGGGCAAAGA AGCOCTCCGA CCAACACCCA CTGCOCGTCC GCGGGCACTA CCGCGCGCCC 
18241 TGGGOCGCGC ACAA»CG6GG CCGCACTGGG CGCACCACCG TCGATGACGC CATTCACGCG 
18301 GTCGTCGAOG AGGCGCGCAA CTACACGCCC ACGCCGCCAC CAGTGTCCAC AGTCGACGCG 
18361 GCCATTCAGA CCGTGGIGCG CGGAGCCCGO CGXTATCCTA AAATCA^ ^^^^3^ 
18421 CGCGTAGCAC GTCGCCACCG CCGCCGACCC GGCACTOCCG CCGAACGCGC CGCGGCGGCC 
18481 CIGCTTAACC GCGCACGTCG CACCOGCCGA CGGGCGGCCA TGOGGOOCGC TCGAAGGCTG 
18541 GCCGCOGGTA TTCTCACTGT GCCCCCCAGG TCCAGGCGAC GAGCG6CCGC ^CAGCAGCC 
18601 GCGGCCATTA GTCCTATGAC TCAGGGTCGC AGGGGCAACG TGTACTCGGT GCGCGACTCG 
18661 GTTAGCGGCC TGCGCGTCCC CGTGCGCACC CGCCCCCCGC GCAACTMAT TCCAAGAAAA 
18721 AACTACTTAG ACTCGTACTC TTGTATGTAT CCAGCGGCCG CGGCGCGCAA CGAAGCTATG 
^8781 Satcaaaga AGAGATCCTC CACCTTCXTCG CGCCGGAGAT CTATGGCCCC 

mil SgJJSSJ iJSSSScA TTACAAGCCC CGAAAGCTAA ^^fGCGTCAA AAAGAAAAAG 
18901 AAAGATCATC ATOATGATCA ACTTCACGAC GACGTGGAAC TOCTGCACCC AACCGCGCCC 
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mil sssss 5ss^ jjo^ococc Tcogo^ 

SJS jSS^ S^SSS JSS^ 

mil JS^SS CXTOOCACCC ACCOTOCWX ff^^ffg^^gf 

SIS SiSSSS ATOTCTXOaA AAMMGACC SJ^SSS 
19381 GTCOCSGCCMl TCAAGCMOT COCACCOOCA CaOWaOMC ^ACCGTO^ SlJfSiS 
19441 CCCACCACCA OTAGCACTAtt TATICOCACT 0«»<:MMG GCMGO^ ^SSJSJS 
19501 COCSGCTGCCT OGGOCGIWGC AGATCCCCOO OTGCAOOOOO ^OCTQOOec C^OTCCAAA 
"iei *CCTCTACGG AGGTCCAAAC GGACCOOTSG M^WWOM SSSSJ 
19621 CGCCOnCCA GGAAGTAOGG CACCGCCAGC GCACTACTOC CC^CM^ 
19681 rCCA'VCOCaC CTACCCCCGG CTATCCWCC TACACCTACC GCOOCAffl^ AOMeO^ 
19741 ACCCCACGCC GAACCACCAC TOSAACCCGC CGCOGCOOTC GCCGTOGCCA CCCCCTO^ 
19801 GOCOOOATTT CCGTCCGCAG GGTCGCTC6C CAAfiGAGGCA <SGACCCTOGT GCTOCCA^ 
SIS GOGOGCOaCC ACCCCAGCAT COmAAAAC COGGTCmO J^^^^ ^^^^ 

tlozi creAcesracc gcctcogtit cccasTCCCG ggawcogac gaagaatoca ocgtaggacg 

SI" sssss ssss SSS^ 

20041 GOGTC6CACC GXOGCATCOS COeCOOTATC CTSCCCCTCC rPATTOCACT GATCGCOGCG 

loitl SSSg^ Sgxgcccgo aattccatcc gtggccttgc aggcccacac acactgmtol 
ISifi S^SSS SSSSS aaa«:aaaat aaaaaotcto «^JCT^ SSSSS 

.20221 CCTCTAACTA TmCTAOAA TOGAAGACAT CAACTTTOCO TCTCTOaCOC COOCACMOC 
20281 CKMCGCCOG TICATCG6AA ACTOCCAAGA XATOGGCACC ^CAATATGA G^^^ 
20341 CnCAfflCTOG GGCTCGCTCT GGAGCGCCAT TAAAAATTTC OOTTCCACCA "AAGAAC^ 
iSloi TGOcisCAAfl GCCTSGAACA GCAGCACAGG OCAGWraCTG AGOfACA^ J^^SS^S 
^fllsi ^TTTecJ^ CAAAAGOraO TAGATGCCCT -OGCCTCTOGC ATTAGCGGOG TOGTQGACCT 

IJSIl JSSS SISSSSSa Itaagawaa caotamcot gat^cogcc ctcccg^ 
t"f i coggccgoxsg aoacagt^ SSSSi J?^^ 

->ft£^-i r!i-i-rv-^/*krtft aiUlGXAACTC TOOTQACGCA JATAGATCAG CCTCCCTCSyi AUi^«AW.aAfc*s>^ 

2S?;i SSJ^ SSSgt^c ^cgccccc 

20761 ccaggacaca ccwaacgc tggacctgcc *cco^gct g^cccagc J^^^ 

^ssi ^ss ^ 
izi =ss ss^ssj 

?i;s sssn ^= ™ 

on«i /^^^^rr^Tif* TTCAflCCTCA ATAACAACTT TAGAAACCCC ACGGTCGCAC tAA^j^jrWi^-vpA 
sSfl SSSS^ S^^SSJ ScGXnGAC CCT=^ S^SSS ^SSJSS 
21301 TACCGCGTAC TXiOTACAAAG CGCGGTPCAC CCTOGCTGTG <^^^ SJJSSS 

^ gISSS iSSSS JSS SSSSJ? SSS^ 

2 fx SSS JSSSS ^CCGGGCAGT JGC^ SJSJ^ JS^S^ 

ilTA SJS^S?? SSSSS Saaacctgt atacgcagat ccttcctatc aaccagaxcc 
2"S JSSSS SiJSSS Saaogaagc «:ai«ctaat ccoccaggag «»aAOTOCT 

J^^s: ?s^ss sssss 

21901 GCAATTCTTC TCAAATACTA CCTCmSAA «AfCGGCAA JGCAMGCTA CTAAACCAAA 
21961 AGTCGTrrro TACAGTGAAG ATCTAAATAT f^^^ SSSSS ^SSSSg 
22021 ACCTGGAAAA G^^^^ji™^ SSJS SSSSS JJStATTATA ACACCACT«5 
22081 ACCCAATTAC A^TGCTTTCA GGGACA^ gCAGCTAAAT GCCGTX3GTAG ATTTOCAAGA 
22141 CAACATGGGT <5TTCTTGCTG GTCAG^ATC '^^f^ ATAGCTCATA GAACCAGATA 
22201 CAGAAACACA GAGCTGTCCT A^CAACTCTT COTTGA^ gaTCTTAGAA TCATTCAAAA 
22261 TrrrrCTATG TGGAATCAGG JWTA6ACAG ^J^JJ^ SlOGGGGTA TIX3GOGTAAC 
22321 CCATCGAACT GAGGATGAAT TGCCAAATTA 
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22381 ICftCACCTAT CAACCTATOA ASGCTAATCG CAATCGCKA GGCGATAATS <»GM»«AC 
SSSa ^oSJcTT TOSCAACAC« TAAICAAATA GGAfiTGOCTA ACAACTTOGC 

StSJ SS^iSr SStwSo ccaaocTATO <»£»aaotk: ctttactcca atattoooct 
JicSec«A SxSaaccc caccaatoto oaaatatctg XEaaccccaa 

2^62^ ;SSSSS ScGA^ 

22681 CCTIGOGGOC OSCTOOICTC WSACTACMT «*«AAOeiT AM^gTWA J^^^JJJ^ 
22741 CAATCOSOOC CTCCGWATC CCTCCATOTT OWSGGMAC gOCO^^ cmSSSa 
22801 CArrCAOCSTG CCCCAAAACST TTTTTCCCAT TAAAMtfXTC ^OCTCCTOC CACOCTCATA 
SSei SSSSSi TGGWlCnCA GQAAOGMOT ^J^SJ SSSSJ 

i SSS^ OCCCAACJg ™CCA ^CCCCCAA 

23101 OSCXawXAAC CTGCCCATCT CCATCCCATC OOOCAACTOO «»CCMTTC 
23 161 CO^CACOC rrrOAAGACAA *««*AACCOC J^CC^J^ A^SSi 
23221 CACCTACTCT OSCTOCATAC CATACCCTSA OGOM^TTC ^^^^^^ cSctGCTTAC 
23281.<SAW5Ga«;CC AlTACCmC *«CTTCTCT ^J^J^ S^SJS 
23341 ICCCAATCAC TTTCACSATTA AAOGCTCWST "^^^^^ ff^SJS TlGOcScCA 
23401 CAACAl^CC AAGOACtCOT TOCTGGTCCA JSJJSSS SSSJ 

S?S?SS? SSSS Jg-O^ 

SIS 3SS^c SSJSiJS SSS? 

23701 JSS^AA A^TTCTTT GOGATCGCAC CCTTTGGCGC ATCCCA^ fXAffV^T 

23?Ji cAGAccT^ sfiiSS^ SSSSS SSSS 

23881 GmCAAflTC TTTOACQTOG TC^^JJJ SSS^ SSaGAAGC AAGCAACATC 
23941 GTACCTGCGC ACGCCCTTCT CG0CC6GCAA OofCACA^ >ttftreMPTC TCAAAOATCT 
24001 AACAACAGCT GCCGCCATCO CCTCCACTCA OCAOOAACTC A^^CMWra ^^^AAO^ 

24061 oGGrrGiGGG ccATATrTW- ix;ggcaccta toacamccc ^JT^iSS^ 

24121 ACACAAGCTC GCCTCCCCCA TAGTCJATAC QOCCCCTOK gfiJCTOMG ^gJJJJ^ 
24181 GATOGCCTTT GCCTOGAACC CCCGCTCAAA '^JCJTOCTAC CTCTTTOAK ^^^^ 
24241 TtxrtGACCAA CGACTCAAGC AGGTTTACCA GWTCJfiTAC O^JS^^ SmStcS 

^22^6^ SSSS^ 

Hi S S Js^jc ™ ™ 
il ~ ~ ™ 

24661 AAOC5CAAATC TTTITATri^ iaw »waw ^„-.^-vv2/^ ^T^IYSrccCAC TCGCAGGGAC 

24721 TCCGCCGOTT AAAAATCAAA eGQGTTCTGC CGCCCATCOC JJ^C^^^ ScC^CSC 
24781 AOmCCGAT ACTCX^TXWTT AGTC«^ 

24841 TCCGTCAAGT TnC^O, CAGGCTOWC J^Jg^ ^JSaSTT GCGATACACA 
24901 GCCGATATCT TGAMTCGCA GTTGGGGCCT ^CGCCCW^ CACGCTCTTO 
• 24961 GCSGTTCCWJC ACTCCAACAC TATCAGCGCC GOGTOffl^ SSSS^ S^SaStT 
2S021 ««aAGATCA CAI^CGCGTC ?SSS5 SSSJS? S^JSSSS 

ssscss sssss a.™ catoaajocc 

ii201 TTGATCTCCT TAAAAflCCAC CTGAGCCTIT CCOCCTTCAG J^JJ^JJ^ 

2S261 TTC^CCGG^ S^S^C SSJS SSSSS SSSS 

2S321 TrGGMATCT GCACCACATT ^OGCCCCAC g^JJ^ CCATTTCAAT CACCSTCCl^C 
25381 TCSCTCCTTCA OCGCGOTCTO CCOGTTTTCO CJCGTC^ cnCGAlCTC AGCGCAGCGG 
25441 •rrAtTTATCA TAATGCTCCC GTGTAGACAC ^^J^^ot AGGTTACCTC -roCAAACGAC 
25501 TGCAGCCACA ACGOGCAGCC CCTGGGCJCG '^^^ ^gSacTT GC^l^^^O 
25561 TGCAGGTACG CCTCCAGGAA TCGCCCCATC j^^^^^ a»CATACGGC CGCCAGAGCT 
2S621 GTCAGCTCCA ACCCGCGGTG CTCCTC^ J^SSE OGTTATCCAC GTGGTACTTC 
25681 TCCACTTOGT CAGGCAGTAG <^^^ ?5SJScG SoACACGAT CGGCAGGCIC 
25741 TCCATCAACG CGCCCCCAGC CTCCATGCCC TTClvwvftuu 
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2S801 AGCGGGTTTA TCACCCTCCT TTCACTTTCC GCTTCACTOO ACTCTTCCTT TTCCTCTTCC 
2S861 GTCCGC2VTAC COCXXGCCAC OGOCSlCGtCT TCATTCAfiCC GCCX^CACCGT GCX3CTTACCT 
25$2I CCCTTOOCGl' GCTTGATTAC CACOGGIO06 TTOCTCAAAC CCACCATOTO TAGCOCCACX 
2^981 TCWCTC ITI ' CTTCCTCGCT CTCCMGATC ACCTCTO(»C ATCGOG0C3C6 CKOGGCTTC 
GGAGAGGGGC GCTTCTTTIT CTTTTTGOAC GCAATOOCCA AATCOGOCCT OGAOGTOGAT 
2?101 OGCCGCXSGGC TOGGTCTOOG COGCACCMC GCATCTXGTO ACX^GTCMC TICOTCCTOG 
261G1 OACraSAGAC GCCGCCTCAG CCGCTTTTTT GGOCJOCGCOC OOGGAGGCOG CG60GA0GGC 
26221 GACX5GOGACG ACACGTCCTC CATCOTTOGT OOACCTOCOC OOGCACCGCO TCOCOCCTOG 
26281 GGGGTOOTTT CGCGCTC3CTC COCTTCCCGA CTCGCCATTT CCT TCOCCT A TAfiG CAGAAA 
26341' • AAfiATCA3X3G AGTCAGTCGA GAAGGAGGAC AOCCTAAOCG ecCCCTTTGA GTTOGCCACC 
26401 ACCGCCTOCA CCGATCCCGC CAAOGCGCCT ACCACCTTCC COGTCGAGGC ACCCCOGCTT 
26461 GAGOACGAGG MPTGMTAT CGAGCAGGAC CCAGGTTrTS TAAGCCAAGA CGACGAGGAT 
26521 OGCTCAGTAC CAACAGAOGA TAAAAAGCAA GACCAGOACG AC6CAGAGGC AAACXSAGGAA 
26S81 CAAGTCOGGC GGGGGGACCA AAGGCATCGC GACTACCTAC ATOTCGGAGA CGACGTGCTG 
;^6641 TTGAAGCATC lOGAGCGCCA GTOOGCCATT ATCOGCGACG OGTTCCAAGA GCGCAGCGAT 
26701 GIGCCCCTCG CCATAGCGGA TOTCAGCCTX GCCTAOGAAC CCCACCEGTT CICACCGOGC 
26761 GTACCCCCCA AACGCCAAGA AAAOOGCACA TCOGJkOCCCA ACCCGCOCCT CAACTTCXAC 
26821 CCCGTATTTO COGTGCCAGA GGTOCTIOCC ACCTATCACA TCTTTWCCA AAACTGCAAG 
26881 ATACCCCTAT CCTGCOGTGC CAACCX3CAGC CGAGOGGACA AGCACCTCGC CTICCGGCAG 
26941 GGCGCTGTCA TACCTGATAT CGCCTCGCTC GACGAAGIGC CAAAAATCTT TCAGGGTCTT 
270.01 GGAOGCOACG AGAAAOGCGC OGGAAACCCT CTGCAACAAG AAAACAGOGA AAATOAAACT 
27061 CACTCTCGAG TGCOX^IGaA ACTTCAOGGT GACAAOGCGC GCCTAGCCGT GCTGAAAOGC 
27121 AGCATCGAGG TCACCCACTT TGCCTACCCG GCACTTAACC TACCCCCCAA OGTTATGAGC 
.27i81.ACAGTCATCA GCGAGCTOAT CGfTOOGCOGT GCACCACCCC TOGAGAGGGA TCCAAACTTG 
27241 CAAGAACAAA CCGAGGAGGG CCTACCCGCA GTTCGCGATG AGCAGCIGGC GCGCTGGCTT 
27301 GAGApGCOOG AGCCTGCOGA CTTOOAGGAC OG AOGCA AGC TAA-DGATCGC CCCAOTCCTT 
27361 GTTACOQOXjG AGCnGAGTG CATCCAGCOG TTGT3TOCTG ACCOGOAGAT OCAGOGCAAG 
27421 CTAGAGGAAA CGTTCCACTA CACCTTTCGC CAGGGCTAOG TGCGC CAGGC CTGCAAAATT 
27481 TCCAACGTGG AGCTCTCCAA CCTGGTCTCC TACCTTOGAA TTTTGCAOGA AAACCGCCTC 
27541 GGGCAAAACG TCCTTCATTC CACGCTCAAG OGCGAGGCOC GCOG0GAC7A OGTOOGOGAC 
27601 TCCGOTTACT TATTTCTGTG CTACACCTGG CAAACGGCCA TGGGOGTGTG GCAGCAATSC 
27661 CTGGAGGAGC GCAACCTAAA GGAGCTGCAG AAGCTGCTAA AGCAAAACOT GAAGGACCTA 
27721 TCGACGGCCT TCAACGAGCG CTCCGTGGCC GCGCACCTGG COGACATTAT CTTCCCOGAA 
27781 CGCCTGCTTA AAACCCIGCA ACAGGGTCTC CCAGACTTCA CCAGTCAAAG CATCOTGCAA 
27841 AACTTTAGGA ACTTTATCCT ACAGCGOTCA GGAATOCTGC CCGCC ACCTO CTGTGCGCTT 
27901 CCTAGOGACT TTGTGCCCAT TAAGTACCGT GAATGCCCTC CGCCXSCrTTC GGGTCACTOC 
27961 TACCTTCTCC AGCTAGCCAA CTACCTTGCC TACCACTCCX5 ACATCAOOGA AGACGTGAGC 
28021 CGTCACGGCC TACTCGAGTC TCACTCTCGC TGCAACCTAT GCACCCCGCA OCGCTCCCTC 
28081 GTCTCCAATT CGCAACTGCT TAGCGAAAGT CAAATTATOG GTACCTTTGA GCTCCAGQGT 
28141 CCCTCGCCTG ACGAAAAGTC CGCGGCTCCG GGGTTGAAAC TCACTCOGQG GCTCTOGACG 
28201 TCOGCTTACC TTCGCAAATT TGTACCTCAG GACTACCAOG CCCACGAGAT TAGGTTCTAC 
28261 GAAGACCAAT CCCGCCCGCC AAATOCGGAG CTTACCGCCT GC3GtCATTAC OCAGGGCCAC 
28321 ATCCTTOGCC AATTCCAAGC CATCAACAAA GCCCGCCAAG AGTTTCTGCT ACGAAAGGGA 
28381 CGGGGGGTTT ACCTGGACCC CCAGTCCGGC GAGGAQCTCA ACCCAATCCC CCCGCCGCCG 
28441 CAGCCCTATC AGCAGCCGCG GOCCCTTGCT TCCCAGGATG GCACCCAAAA AGAAGCTGCA 
28501 GCTCCOGCCG CCC?.C€ACCCA CGGACX3AGGA GGAATACTOG GACAGTCAGG CAGAGGAGGT 
28561 TTTGGAOGAG GAGGAGGAGA TCATGGAAGA CTOGGACAGC CTAGACX5AAG CTTCCGAGGC 
28621 OGAAGAGGTC TCAGACGAAA CACCGTCACC CTOGGTCGCA TTCCCCTCGC CX5GCGCCCCA 
28681 GAAATTGGCA ACCOTTCCCA OCATOGCTAC AACCTCGGCT CCTCAGGCGC CGCCOGCACT 
28741 GCCTOTTCGC CGACCCAACC OTAGATCGGA CACCACTCX3A ACCAGGGCCG GTAAGTCTAA 
28801 GCAOCCGCCG CCGTTAGCCC AAGAGCAACA ACAOCGCCAA OGCTACCGCT CGTGGCX3COC 
28861 GCACAAGAAC CCCATAGTIG CTTCCTTGCA AGACTGTGGG GGCAACATCT CCTTCGCCCG 
2 8$ 21 CCGCTTTCTT CTCTACCATC ACGGCGTflGC CTTCCCCCGT AACATCCTGC ATTACTACCG 
28981 TCATCTCTAC AGCCCCTACT GCACCGGCGG CAGCGGCAGC GGCAGCAACA GCAGCGGTCA 
29041 CACAGAAGCA AAGGCGACCG GATAGCAAGA CTCTGACAAA GCCCAAGAAA TCCACAGCGG 
29101 CGGCAGCAGC AGGAGGAGGA GCGCTGCGTC TGGCGCCCAA CGAACCCGTA TCGACCCGCG 
29161 AGCTTAGAAA TAGGATTTTT CCCACTCTGT ATGCTATATT TCAACAAAGC AGGGGCCAAG 
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29221 AACMflAflCT QtJJMtMJA WMaOGTCTC TCOSCTCCCT CACC^CAGC TCCCTCTATC 
29281 ACAAAMOGA AGATCAOCTT CfiOOOCAOCC TOQAMAOGC «S^eCCTCTC TOCAflCAAAT 
29341 ACTCOGCGCT GACTCTTAAS OXCTftCWTC OOOCCCXCTC TCAAATTTAA GCGCGAAAAC 
29401 TACGax:ATCT CCAGCGGCCA CAOCCXSGOGC CAGCACCTCT CCT»CCCOC ^^TOASCA 
29461 AfiGAAATIXX: CACGCCCTAC ATOIOGMTT ACCAGCCACA MTCOGACTT GOOGCTOQAfi 
29521 cnCCCCAAGA CXACTCAACC CGAATAAACT ACAlxaUSCGC COCACCCCAC ATMATOCC 
•29S81 GCXSXCAACQG AATCCGCGCC CACOJAAACC GAATTCTCCT COAACAGGCO GCTATTACCA 
29641 CCACACCTCG TAATAACCTO AATCCCCGTA GTIOGCCCaC TCCCCTOGTG TACCAGGAAA 
29701 dCCCGCTCC CACCACTCTC GTACTTCCCA GAGACOCCCA GGCCGAAGTr CAGATCACTA 
29761 ACTCAGOGGC OCACCOTCCG GGCGGCTTTC GTCACAGGGT GQGGTOGCCC CGGCAflGCTA 
29821 •TAACTCACCT GAAAATCAGA GGGCGASGTA rPCAGCTCAA CGACCSAGTOC GTGAGCTCCT 
29881 CTCTTGGTCT CCGTCCGGAC GGGACA-mC AGAIXXWCGG CGCTCGCCGC TCTTCATTTA 
mil SS^OXXTTA ACTCTOCWa CCTOCTCCTC CGAGCOGOGC ^CG^ 

30001 TTOGAACTCT ACAATTTATT GAGGAGTrOG TO0CTTCG6T "ACTTCMC CCCTTTTCTG 
300€1 GACCTCCCGG CCACTACCCO GACCAGTrTA TTOCCAACTT TCAOGCOCTO AAA6ACTO06 
30121 COGAOOGCTA CGACTCAATC ACCAGTCGAG AOGCAGAOCG ACT SCGCCPS ACACACCTOG 
ll^l SScTcS SgCCACAAG TCCm^CCC GCGGCICCGG TGAGTTT^ '^S^^^SS 
30241 TCGCCGAAGA CCATATCGAG GGCCCGGOGC ACX50CGTCCG GCTCACCACC C^CTM^ 
30301 TTACACGTAG CCTCAT^WG GAOTTTACCA AGCGCCCCCT GCTAGTGGAG OGGGAGCCGG 

ISsS 5^StS gti^ct Gi^cTAAccc ^^^^ 

30421 GTXGTCATCT CTCTGCTGAG TAThATAAAT ACAGAAATTA GAATCTACTC GGqCTCCTGT 
30481 COCGATOCTC TCAACGCCAC CGTHTPACC CACCCAAAOC AGACCAAAOC AAACCTCACC 
^^dl tSSSSS JSSSSS CAATAAGTAC CrrACCTGGT ACTTTAAOGG JTCTTCA^ 
30601 GTAATITACA ACAGTMCCA GCOAGACOXA GTAACTTTGC CACACAACGT TCTCOGCTTC 
30661 AACTACACCG ICAAGAAAAA CACCACCACC ACCACOCTCC TCACCTGCOG ©GAACCTACG 
.30721 AGTCCGTCAC CGGTtaatQC GCCCACACCT ACAGCCTCAG CGTAACCAGA CATTACTCqC 
i67ai ATlTTtCCAA AACAGGAGGT GAGCTCAACT CCCGGAACTC AGCTCAAAJA *S^WTCC 
30841 OGGGTOCTCG GATTrPITAA TTAAOTATAT GAGCAATTCA ACTAACTCTA CAMCTTCTC 
3O901 TAATrrraCT GGAATTOOGO TCGOGGTTAT CCTTACTCTT CTAATCCTGT TTATTCTTAT 
lolll ActIgCACTT CTGTGCCTTA GGGT«JCC0C CTCCTCCACG CACCmCTA CCTATTGTCA 
31021 OCTTtSaAA CGCTCGGGGC AACATCCAAC ATGAGGTACA TCArrTTAGG CTTOCTOGCC 
31081 CTTOCGGCAG IxnCCAGCGC TCCCAAAAAG GTTCAGTTTA AGGAACCAGC WOCAATCTT 
31141 ACAKTAAAT CAGAACCTAA TCAATOCACT ACTCTTATAA AATOCACCAC AGAACATOAA 
31201 AAGCTTATTA TTCGCCACAA AGACAAAAW GGCAACTATG CTCTATATGC TATTTMCAG 
31261 CCAGGT6ACA CTAACGACTA TAATGTCACA GTCTTCCAAG GTCAAAATCG TAAAACTTO 
31321 ATCTATAAAT TTCCATTITA TGAAATSTGC CATATTACCA J^^^;^ f^^^SS^ 
31381 AAOTiGTCGC CCCCACAAAA GTGTTTAGAC AACACTGGCA CCTTTTCTTC CACCGCTCTG 
31441. CTTArrACAG CGCTTOCrW GGTATGTACC TPACTTTMC TCAAATACAA AAGC^A^ 
31501 AfSTTrrATTC ATCAAAAGAA AATGCCTTGA rTTTCCGCTT GCOTGTAKC CCCTGGACAA 
31561 CTTACnCTAT GT^GGATATO CTCCAGGOOG GCAAGATTAT ^^fCCACAA^ 
31621 ACrrrCCTCG ACGrTAGCGC CTGATTTCrG CCAG^CCTG ^ACTOCAAAT "JJJ^AAAC 
31681 CCAGCnCAO CTTCCCTCCT CCASAGATCA CCGGCTCAAC CATCOCGCCC 
3l7dl JvTcecjLACAC CACTGCTACC GGACTAACAT CTGCCCTAAA TTTACCCCAA CTTCATOCCT 
llBoi iJSSJS^ SSSSgC ?tGGACATCT GGrrcGTTTrC CATAGCGCTT ^'^'^^^^ 
■ 3ia61 GCMTATTAT TATCTGGCTT ATrTCTIGCC TAAAGCGCAG ACGCGCCAGA CCCCCCATCT 
lltli SS^S SSSSS AACCCACACA ATGAAAAAAT ^CATAGJ^ SSSJ 
31981 AACCATCTTC TCrKriTITA CAGTATCATT AAATGAGACA TGATTCCTCG AGTTCTTATA 
lloll iJSSSS SgSgCGCT TTTCOGTCOG TCCTCTACAT TGGCCCCGGT CGCrCACATC 
lllti JSSS SSS^ACC inCACAGrr TACCTGCTIT AC^^ 
32161 CTCATCTGCA GCCTCCTCAC TCTAOICATC CCCTTCATTC AOTTCATTGA CI<MGTTTGT 
3222^ SJSgStTG COTACCTCAG GCACCATCCG CAATACAfiAG ACAGGACTAT AGCTGATCTT 

322S SSSSS? tSaattatg aaacggagtc TCAarmcT tttgctgatt tittgcgccc 

Hill S^^GTGCT SScTCCCAA ACCTCAOCGC CTCCCAAAAG ACATATITCC TGCAGATTCA 
llltl ^^Tc AGC^ACA XCA^CAGAG ^JJ^J «JJJC^ 

32461 TATACGCCAT CATCTCTCTC ATCGnTTTT CCAGTACCAT TTTTOCCCTA JJCATATATC 
32521 CATACCTTCA CATTCGCTGG AATGCCATAG ATGCCATGAA JCACCCTACT JTCCCAGTOC 
32581 CCGCTCTCAT ACCACTCCAA CAGGTTATTG CCCCAATCAA TCAGCCTCGC CCCCCTTCTC 
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32641 CCACCCCCXC TCAGA-TTAGC •TACTXTAATT TCACAOGTOa ACATGACTGA ATCTCTAGAT 
3270X CTAGAATTOG ATCGAATTAA CACXX3AACAG OGCCTACTAO AAAGGOJCAA GOOOOOC5TOC 
32761 GAGCGAGAAC GCCTAAAACA AGAAGTTOAA <»CATCGTTA AOCTACACCA GTCTAAAAfiA 
32621 GCTATCTTTT GTCTCGTCAA GCAGGCCAAA CTTACCTACG AAAAAACCAC TACOOGCAAC 
32881 CGCCTCAGCT ACAAGCTACC CACCCAflCGC CAAAAACTCG TCCTTATGGT GOGAGAAAAA 
32941 CCTATCACCG TCACCCAGCA CTCGGCAGAA ACAGAGGGCT GCCTCCACTT CCCCTATCAG 
33D01 OGTCCAGAGG ACCTCTCCAC TCTTATTAAA ACCATCTCTC GTATTAGAGA TCT TATT CCA 
33061 ITCAACTAAC ATAAACACAC AATAAATTAC TTACTTAAAA TCAGTCAGCA AATCTTTCTC 
33121* CAGCTTATTC AGCAICACCT CCTOrPCCrTC CTCCCAACTC OGGTATCTCA GCCGCCTTTT 
33181 AOCaxSCAAAC TTTCTCCAAA GTTTSJkATQG CATCTCAAAT TCCTCATGTT CTTGTCCCTC 
33241 OOCACCCACT ATCTTCATAT TOTTCCASAT GAAACCOCCC AGACOQTCTO AAGACACCTT 
33301 CAACCCCGTC TATCCATATO ACACMAAAC CGOGCCTCCA ACTOTGCCCT TTCTTACCCC 

33361 iccArrrorr tcacccaatc otttocaaga aagtccocct ggagttctct ctctaococt 

33421 CTCCGAACCT TTGGACACCT CCCACGGCAT GCTTGOGCTT AAAATOMCA GOGGOCTTAC 
33481 CXTTAGACAAG GCCGGAAACC TCACCTCCCA AAATGTAACC ACTCTTACTC AGCCACTTAA 
33541 AAAAACAAAG TCAAACATAA GTTTOGACAC CTCCGCACCA CTTACAATTA ' CCTCAGOOGC 
33601 CCTAAGAGTO GCAACCACCG CTCCTCTCAT AGTTACTAOC GGCOCTCTTA GCGTACAGTC 
33661 ACAAGCCCCA CTGACCGTGC AAGACTCCAA ACTAAGCATT GCTACTAAAG GGCCCATTAC 
33721 AGIGTCAGAT GGAAAGCTAG CCCTCCAAAC ATCACCCCCC CTCTCTGGCA GTGACAGCGA 
337^1 CACCCrTACT GTAACTCCAT CACCCCOGCT AACTACOCCC ACGGGTAGCT TQGGCATTAA 
33841 CATCGAAGAT CCTATTTATG TAAATAATOG AAAAATAGGA ATTAAAATAA GCCGTCCTTr 
33901. GCAJW3TW5CA CAAAACTCCO ATAOCTAAC AGTAGTTACT GGACCAOGTG TCACCGTTGA 
33961 ACAAAACTCC CTTAGAACCA AAGTIOCAGG ACCTATOGGT TATCATTCAT CAAACAACAT 
34021 GGAAATTAAA ACGGGCGGTC GCATGOGTAT AAATAACAAC TTOTTAATTC TA GATg TGGA 
34081 CTACCCATTT GATCCTCAAA CAAAACTACG TCTTAAACTC GGGCAG GOAC GCCTCTATAT 
34l4i TAATCCATCT CATAACTTGG ACATAAACTA TAACAGAGGC CTATACCTTT T TAATC CATC 
34201 AAACAATACT AAAAAACTGG AAGTTACCAT AAAAAAATCC AGTGGACTAA ACTTIGATAA 
34261 TACTGCCATA GCTATAAATG CAGGAAAGOG TCTGGAGTTT GATACAAACA CATCTGAGTC 
34321 TCCAGATATC AACCCAATAA AAACTAAAAT TGGCTCTCOC ATTCATTACA ATGAAAACGG 
34381 TOCCATGAOT ACTAAACTTO GAGCGGCTTT AAGCmGAC AACTCAGGGG CCATTACAAT 
34441 AGGAAACAAA AATCAOTSACA AACTTACCCT GTCGACAACC CCAGACCCAT CTCCTAACTG 
34S01 CMAATICAT TCAGATAATG ACTOCAAAIT TACTTTCGTT CTTACAAAAT CTCGGAGTCA 
34561 AGTACTAGCT ACIOTAGCTC CTTIGGCTGT ATCTCGACAT CTTTCATCCA TSACAGGCAC 
34621 CGTTCCAAGT GTTAGTATAT TCCTTAGATT TCACCAAAAC GGTCTTCTAA TGGAGAACTC 
34681 CTCACTTAAA AAACATTACT GGAACTTTAG AAATCGGAAC TCAACTAATG CAAATCCATA 
34741 CACAAATCCA GTTGCATTTA TGCCTAACCT TCTAGCCTAT CCAAAAACCC AAAGTCAAAC 
34801 TCCTAAAAAT AACATTGTCA GTCAAGTTTA CTTCCATCGT CATAAAACTA AACCTATGAT 
34861 ACTTACCATr ACACTTAATG GCACTAGTCA ATCCACAGAA ACTAGCGAGG TAAGCACTTA 
34921 CTCTATCTCT ITTACATOGT CCTGCGAAAG TGGAAAATAC ACCACTOAAA CTTTIGCTAC 
34981 CAACTCTTAC ACCTTCTCCT ACATTCCCCA GGAATAAAGA ATCCTGAACC TGTTGCATCT 
35041 TATCrrrCAA CGTGGGATCC TTTATTATAC GGGAAGTCCA CGCCTACAOG GGGGTAGAGT 
3Si01 CATAAtCGTC CATCAGGATA GGGCGGTGGT GCTGCAGCAG CGCGCGAATA AACTGCTCCC 
35161 GCCGCX^CTC CGTCCTCCAG GAATACAACA TCGCAGTGGT CTCCTCAGCG ATGATTCGCA 
35221 CCX^rCCGCAG CATGAGACGC CTTOTCCTCC CGGCACAGCA GCGCACCCTC ATCTCACTTA 
35281 AATCAGCACA GTAACTGCAG CACAGCACCA CAATATTGTT CAAAATCCCA CAGTGCAAGG 
35341 CGCTCTATCC AAAGCTCATG GCGGGGACCA CAGAACCCAC GTGGCCATCA T ACCACAAGC 
3 54 01 GCAGGTAGAT TAAGTGGCGA CCCCTCATAA ACACGCTGGA CATAAACATT ACCTCrTTTG 
35461 GCATCTTCTA ATTCACCACC TCCCGGTACC ATATAAACCT CTCATTAAAC ATGGCGCCAT 
3 5521 CCACCACCAT CCTAAACCAG CTGGCCAAAA CCTGCCCGCC GGCTATCCAC TCCAGGGAAC 
35581 CGGGACTGGA ACAAIGACAG TCGAGAGCCC ACSGACTCGTA ACCATGGATC ATCATGCTCG 
35641 TCATOATATC AATCTTGGCA CAACACAGGC ACACGTGCAT ACACTTCCTC AGGATTACAA 
35701 GCTCCTCCCG CGTCAGAACC ATATCCCAGG GAACAACCCA TTCCTGAATC AGCGTAAATC 
35761 CCACACTGCA GOGAAGACCT CGCACGTAAC TCACGTTGTC CATTGTCAAA GTGTTACATT 
35821 CGGGCAGCAG CGGATGATCC TCCAGTATGG TAGCGCGGGT CTCTQVCTCA AAAGGAGGTA 
35881 GGCGATCCCT AC'rGTACX;GA GTGCGCCGAG ACAACCGAGA TCGTCriGGT CGTAGTGTCA 
35941 TCCCAAATCG AACGCCGGAC GTAGTCATAT TTCATCGACA CGGCACCAGC TCAATCAGTC 
3600r ACAGTX3TAAA AAGGGCCAAG TACAGAGCGA GTATATATAG GACTAAAAAA TGACGTAACG 
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16061 OTTAAAGTCC ACAAAAXXCA CCCAGAAAAC CGCACGCGAA CCTACGCCCA GAAACGAAAG 
36121 CC3UAAAACC CACAACTTCC TCAXATCTXC ACTTCOGTTT TCCCACGATA CGTCACTTCC 
361B1 CATTTTAAAA AAACTACAAT OCCCAATACA TCCAAGOTAC TCOGCCCTAA AACCTACX5TC 
36241 ACCCGCCCCG TICCCACCCC CCGOGCCAOG TCACAAACTC CACCCCCTCA TPMCATATT 
36301 GGCTTCAATC CAAAATAAGG TATATTATGA TCATC 
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(1) GENERAL INFORMATION: 

5 

(i) APPLICANTS: Gregory, R.J., Antientano, D. , Couture, L.A., Smith, 
A.E. 



10 



(ii) TITLE OF INVENTION; GENE THERAPY FOR CYSTIC FIBROSIS 



(iii) NUMBER OF SEQUENCES: 9 



(iv) CORRESPONDENCE ADDRESS: 

15 (A) ADDRESSEE: LAHIVE & COCKFIELD 

(B) STREET: 60 STATE STREET, SUITE 510 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 
20 (F) ZIP: 02109 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: ASCII 

(vi) CURRENT APPLICATION DATA: 
{A) APPLICATION NUMBER: 
30 (B) FILING DATE: 02-DEC-1993 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/985,478 
35 (B) FILING DATE: 02-DEC-1992 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Hanley, Elizabeth A. 

40 (B) REGISTRATION NUMBER: 33,505 

(C) REFERENCE/DOCKET NUMBER: NZI-014CP2PC 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (617) 227-7400 
45 (B) TELEFAX: (617) 227-5941 



(2) INFORMATION FOR SEQ ID N0:1: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6129 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

55 

(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 133.. 4572 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



AATTGGAAGC AAATGACATC ACAGCAGGTC AGAGAAAAAG GGTTGAGCGG CAGGCACCCA 60 
GAGTAGTAGG TCTTTGGCAT TAGGAGCTTG AGCCCAGACG GCCCTAGCAG GGACCCCAGC 120 



GCCCGAGAGA CC ATG CAG AGG TCG CCT CTG GAA AAG GCC AGC GTT GTC 168 
Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val 
15 15 10 

TCC AAA CTT TTT TTC AGC TGG ACC AGA CCA ATT TTG AGG AAA GGA TAC 216 
Ser Lys Leu Phe Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr 
15 20 25 

20 

AGA CAG CGC CTG GAA TTG TCA GAC ATA TAC CAA ATC CCT TCT GTT GAT 264 
Arg Gin Arg Leu Glu Leu Ser Asp He Tyr Gin He Pro Ser Val Asp 
30 35 40 

25 TCT GCT GAC AAT CTA TCT GAA AAA TTG GAA AGA GAA TGG GAT AGA GAG 312 
Ser Ala Asp Asn Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu 
45 50 55 60 

CTG GCT TCA AAG AAA AAT CCT AAA CTC ATT AAT GCC CTT CGG CGA TGT 360 
30 Leu Ala Ser Lys Lys Asn Pro Lys Leu He Asn Ala Leu Arg Arg Cys 

65 70 75 

TTT TTC TGG AGA TTT ATG TTC TAT GGA ATC TTT TTA TAT TTA GGG GAA 408 
Phe Phe Trp Arg Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu 
35 60 85 90 

GTC ACC AAA GCA GTA CAG CCT CTC TTA CTG GGA AGA ATC ATA GCT TCC 456 
Val Thr Lys Ala Val Gin Pro Leu Leu Leu Gly Arg He He Ala Ser 
95 100 105 

40 

TAT GAC CCG GAT AAC AAG GAG GAA CGC TCT ATC GCG ATT TAT CTA GGC 504 
Tyr Asp Pro Asp Asn Lys Glu Glu Arg Ser He Ala He Tyr Leu Gly 
110 115 120 

45 ATA GGC TTA TGC CTT CTC TTT ATT GTG AGG ACA CTG CTC CTA CAC CCA 552 
He Gly Leu Cys Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro 
125 130 135 140 

GCC ATT TTT GGC CTT CAT CAC ATT GGA ATG CAG ATG AGA ATA GCT ATG 600 
50 Ala He Phe Gly Leu His His He Gly Met Gin Met Arg He Ala Met 

145 150 155 

TTT AGT TTG ATT TAT AAG AAG ACT TTA AAG CTG TCA AGC CGT GTT CTA 64 8 

Phe Ser Leu He Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu 
55 160 165 170 
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GAT AAA ATA AGT ATT GGA CAA CTT GTT AGT CTC CTT TCC AAC AAC CTG . 696 
Asp Lys He Ser He Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu 
175 180 185 

5 

AAC AAA TTT GAT GAA GGA CTT GCA TTG GCA CAT TTC GTG TGG ATC GCT 744 
Asn Lys Phe Asp Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala 
190 195 200 

10 COT TTG CAA GTG GCA CTC CTC ATG GGG CTA ATC TGG GAG TTG TTA CAG 792 
Pro Leu Gin Val Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin 
205 210 215 220 

GCG TCT GCC TTC TGT GGA CTT GGT TTC CTG ATA GTC CTT GCC CTT TTT 840 
15 Ala Ser Ala Phe Cys Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe 

225 230 235 

CAG GCT GGG CTA GGG AGA ATG ATG ATG AAG TAC AGA GAT CAG AGA GCT 888 
Gin Ala Gly Leu Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala 
20 240 245 250 

GGG AAG ATC AGT GAA AGA CTT GTG ATT ACC TCA GAA ATG ATT GAA AAT 936 
Gly Lys He Ser Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn 
255 260 265 



25 



45 



ATC CAA TCT GTT AAG GCA TAC TGC TGG GAA GAA GCA ATG GAA AAA ATG 984 
He Gin Ser Val Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met 
270 275 280 



30 ATT GAA AAC TTA AGA CAA ACA GAA CTG AAA CTG ACT CGG AAG GCA GCC 1032 
He Glu Asn Leu Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala 
285 290 295 300 

TAT GTG AGA TAC TTC AAT AGC TCA GCC TTC TTC TTC TCA GGG TTC TTT 1080 
35 Tyr Val* Arg Tyr Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe 

305 310 315 

GTG GTG TTT TTA TCT GTG CTT CCC TAT GCA CTA ATC AAA GGA ATC ATC 1128 
Val Val Phe Leu Ser Val Leu Pro Tyr Ala Leu He Lys Gly He He 
40 320 325 330 

CTC CGG AAA ATA TTC ACC ACC ATC TCA TTC TGC ATT GTT CTG CGC ATG 1176 
Leu Arg Lys He Phe Thr Thr He Ser Phe Cys He Val Leu Arg Met 
335 340 345 



GCG GTC ACT CGG CAA TTT CCC TGG GCT GTA CAA ACA TGG TAT GAC TCT 1224 
Ala Val Thr Arg Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser 
350 355 360 



50 CTT GGA GCA ATA AAC AAA ATA CAG GAT TTC TTA CAA AAG CAA GAA TAT 1272 
Leu Gly Ala He Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr 
365 370 375 380 

AAG ACA TTG GAA TAT AAC TTA ACG ACT ACA GAA GTA GTG ATG GAG AAT 1320 
55 Lys Thr Leu Glu Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn 

385 390 395 
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GTA ACA GCC TTC TGG GAG GAG GGA TTT GGG GAA TTA TTT GAG AAA GCA 1368 
Val Thr Ala Phe Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala 
400 405 410 

5 

MJ^ CAA AAC AAT AAC AAT AGA AAA ACT TCT AAT GGT GAT GAC AGC CTC 1416 
Lys Gin Asn Asn Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu 
415 420 425 

10 TTC TTC ACT AAT TTC TCA CTT CTT GGT ACT CCT GTC CTG AAA GAT ATT 1464 
Phe Phe Ser Asn Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp lie 
430 435 440 

AAT TTC AAG ATA GAA AGA GGA CAG TTG TTG GCG GTT GCT GGA TCC ACT 1512 
15 Asn Phe Lys lie Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr 
445 450 455 460 

GGA GCA GGC AAG ACT TCA CTT CTA ATG ATG ATT ATG GGA GAA CTG GAG 1560 
Gly Ala Gly Lys Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu 
20 465 470 475 

CCT TCA GAG GGT AAA ATT AAG CAC AGT GGA AGA ATT TCA TTC TGT TCT 1608 
Pro Ser Glu Gly Lys He Lys His Ser Gly Arg He Ser Phe Cys Ser 
480 485 490 

25 

CAG TTT TCC TGG ATT ATG CCT GGC ACC ATT AAA GAA AAT ATC ATC TTT 1656 
Gin Phe Ser Trp He Met Pro Gly Thr He Lys Glu Asn He He Phe 
495 500 505 

30 GGT GTT TCC TAT GAT GAA TAT AGA TAC AGA AGC GTC ATC AAA GCA TGC 1704 
Gly Val Ser Tyr Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys 
510 515 520 

CAA CTA GAA GAG GAC ATC TCC AAG TTT GCA GAG AAA GAC AAT ATA GTT 1752 
35 Gin Leu Glu Glu Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val 
525 530 535 540 

CTT GGA GAA GGT GGA ATC ACA CTG AGT GGA GGT CAA CGA GCA AGA ATT 1800 
Leu Gly Glu Gly Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He 
40 545 550 555 

TCT TTA GCA AGA GCA GTA TAC AAA GAT GCT GAT TTG TAT TTA TTA GAC 1848 
Ser Leu Ala Arg Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp 
560 565 570 



45 



TCT CCT TTT GGA TAC CTA GAT GTT TTA ACA GAA AAA GAA ATA TTT GAA 1896 
Ser Pro Phe Gly Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu 
575 580 585 



50 AGC TGT GTC TGT AAA CTG ATG GCT AAC AAPi ACT AGG ATT TTG GTC ACT 1944 
Ser Cys Val Cys Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr 
590 595 600 

TCT AAA ATG GAA CAT TTA AAG AAA GCT GAC AAA ATA TTA ATT TTG CAT 1992 
55 Ser Lys Met Glu His Leu Lys Lys Ala Asp Lys He Lett He Leu His 
605 610 615 620 



wo 94/12649 



-100- 



PCTAJS93/11667 



GAA GGT AGC AGC TAT TTT TAT GGG ACA TTT TCA GAA CTC CAA AAT CTA 2040 

Glu Gly Ser Ser Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu 
625 630 635 

5 

CAG CCA GAC TTT AGC TCA AAA CTC ATG GGA TGT GAT TCT TTC GAC CAA 2088 

Gin Pro Asp Phe Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin 
640 645 650 

10 TTT AGT GCA GAA AGA AGA AAT TCA ATC CTA ACT GAG ACC TTA CAC CGT 2136 
Phe Ser Ala Glu Arg Arg Asn Ser lie Leu Thr Glu Thr Leu Hie Arg 
655 660 665 



TTC TCA TTA GAA GGA GAT GCT CCT GTC TCC TGG ACA GAA ACA AAA AAA 2184 
15 Phe Ser Leu Glu Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys 
670 675 680 

CAA TCT TTT AAA CAG ACT GGA GAG TTT GGG GAA AAA AGG AAG AAT TCT 2232 
Gin Ser Phe Lys Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser 
20 685 690 695 700 



25 



ATT CTC AAT CCA ATC AAC TCT ATA CGA AAA TTT TCC ATT GTG CAA AAG 2280 
lie Leu Asn Pro lie Asn Ser lie Arg Lys Phe Ser He Val Gin Lys 
705 710 715 

ACT CCC TTA CAA ATG AAT GGC ATC GAA GAG GAT TCT GAT GAG CCT TTA 2328 
Thr Pro Leu Gin Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu 
720 725 730 



30 GAG AGA AGG CTG TCC TTA GTA CCA GAT TCT GAG CAG GGA GAG GCG ATA 2376 
Glu Arg Arg Leu Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He 
735 740 745 



CTG CCT CGC ATC AGC GTG ATC AGC ACT GGC CCC ACG CTT CAG GCA CGA 2424 
35 Leu Pro Arg He Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg 
750 755 760 



AGG AGG CAG TCT GTC CTG AAC CTG ATG ACA CAC TCA GTT AAC CAA GGT 2472 
Arg Arg Gin Ser Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly 
40 765 770 775 780 

CAG AAC ATT CAC CGA AAG ACA ACA GCA TCC ACA CGA AAA GTG TCA CTG 2520 
Gin Asn He His Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu 
785 790 795 



45 



GCC CCT CAG GCA AAC TTG ACT GAA CTG GAT ATA TAT TCA AGA AGG TTA 2568 
Ala Pro Gin Ala Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu 
800 805 810 



50 TCT CAA GAA ACT GGC TTG GAA ATA AGT GAA GAA ATT AAC GAA GAA GAC 2616 
Ser Gin Glu Thr Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp 
815 820 825 

TTA AAG GAG TGC CTT TTT GAT GAT ATG GAG AGC ATA CCA GCA GTG ACT 2664 
55 Leu Lys Glu Cys Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr 
830 835 840 
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ACA TGG AAC ACA TAG CTT CGA TAT ATT ACT GTC CAC AAG AGC TTA ATT 2712 
Thr Trp Asn Thr Tyr Leu Arg Tyr He Thr Val Hie Lys Ser Leu He 
845 850 855 860 

5 

TTT GTG CTA ATT TGG TGC TTA GTA ATT TTT CTG GCA GAG GTG GCT GCT 2760 
Phe Val Leu He Trp Cys Leu Val He Phe' Leu Ala Glu Val Ala Ala 
865 870 875 

10 TCT TTG GTT GTG CTG TGG CTC CTT GGA AAC ACT CCT CTT CAA GAC AAA 2808 
Ser Leu Val Val Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys 
880 885 890 

GGG AAT AGT ACT CAT AGT AGA AAT AAC AGC TAT GCA GTG ATT ATC ACC 2 856 

15 Gly Asn Ser Thr His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr 
895 900 905 

AGC ACC AGT TCG TAT TAT GTG TTT TAC ATT TAG GTG GGA GTA GCC GAC 2904 
Ser Thr Ser Ser Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp 
20 910 915 920 

ACT TTG CTT GCT ATG GGA TTC TTC AGA GGT CTA CCA CTG GTG CAT ACT 2952 

Thr Leu Leu Ala Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr 

925 930 935 940 

25 

CTA ATC ACA GTG TCG AAA ATT TTA CAC CAC AAA ATG TTA CAT TCT GTT 3000 

Leu He Thr Val Ser Lys He Leu His His Lys Met Leu His Ser Val 
945 950 955 

30 CTT CAA GCA CCT ATG TCA ACC CTC AAC ACG TTG AAA GCA GGT GGG ATT 3048 
Leu Gin Ala Pro Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He 
960 965 970 

CTT AAT AGA TTC TCC AAA GAT ATA GCA ATT TTG GAT GAC CTT CTG CCT 3096 
35 Leu Asn Arg Phe Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro 
975 980 985 

CTT ACC ATA TTT GAC TTC ATC CAG TTG TTA TTA ATT GTG ATT GGA GCT 3144 
Leu Thr He Phe Asp Phe He Gin Leu Leu Leu He Val He Gly Ala 
40 990 995 1000 

ATA GCA GTT GTC GCA GTT TTA CAA CCC TAC ATC TTT GTT GCA ACA GTG 3192 
He Ala Val Val Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val 
1005 1010 1015 1020 

45 

CCA GTG ATA GTG GCT TTT ATT ATG TTG AGA GCA TAT TTC CTC CAA ACC 3240 
Pro Val He Val Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr 
1025 1030 1035 

50 TCA CAG CAA CTC AAA CAA CTG GAA TCT GAA GGC AGG AGT CCA ATT TTC 3288 
Ser Gin Gin Leu Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe 
1040 1045 1050 



ACT CAT CTT GTT ACA AGC TTA AAA GGA CTA TGG ACA CTT CGT GCC TTC 3336 
55 Thr His Leu Val Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe 
1055 1060 1065 
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GGA CGG CAG CCT TAC TTT GAA ACT CTG TTC CAC AAA GCT CTG AAT TTA 3384 
Gly Arg Gin Pro Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu 
1070 1075 1080 

5 

CAT ACT GCC AAC TGG TTC TTG TAC CTG TCA ACA CTG CGC TGG TTC CAA* 3432 
His Thr Ala Asn Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin 
1085 1090 1095 1100 

10 ATG AGA ATA GAA ATG ATT TTT GTC ATC TTC TTC ATT GCT GTT ACC TTC 3480 
Met Arg He Glu Met He Phe Val He Phe Phe He Ala Val Thr Phe 
1105 1110 1115 



ATT TCC ATT TTA ACA ACA GGA GAA GGA GAA GGA AGA GTT GGT ATT ATC 3528 
15 He Ser He Leu Thr Thr Gly Glu Gly Glu Gly Arg Val Gly He He 
1120 1125 1130 



CTG ACT TTA GCC ATG AAT ATC ATG AGT ACA TTG CAG TGG GCT GTA AAC 3576 
Leu Thr Leu Ala Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn 
20 1135 1140 1145 

TCC AGC ATA GAT GTG GAT AGC TTG ATG CGA TCT GTG AGC CGA GTC TTT 3624 

Ser Ser He Asp Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe 
1150 1155 1160 

25 

AAG TTC ATT GAC ATG CCA ACA GAA GGT AAA CCT ACC AAG TCA ACC AAA 3672 

Lys Phe He Asp Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys 

1165 1170 1175 1180 

30 CCA TAC AAG AAT GGC CAA CTC TCG AAA GTT ATG ATT ATT GAG AAT TCA 3720 
Pro Tyr Lys Asn Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser 
1185 1190 1195 



CAC GTG AAG AAA GAT GAC ATC TGG CCC TCA GGG GGC CAA ATG ACT GTC 3768 
35 His Val Lys Lys Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val 
1200 1205 1210 



AAA GAT CTC ACA GCA AAA TAC ACA GAA GGT GGA AAT GCC ATA TTA GAG 3816 
Lys Asp Leu Thr Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu 
40 1215 1220 1225 



45 



AAC ATT TCC TTC TCA ATA AGT CCT GGC CAG AGG GTG GGC CTC TTG GGA 3864 
Asn He Ser Phe Ser He Ser Pro Gly Gin Arg Val Gly Leu Leu Gly 
1230 1235 1240 

AGA ACT GGA TCA GGG AAG AGT ACT TTG TTA TCA GCT TTT TTG AGA CTA 3912 
Arg Thr Gly Ser Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu 
1245 1250 1255 1260 

50 CTG AAC ACT GAA GGA GAA ATC CAG ATC GAT GGT GTG TCT TGG GAT TCA 3960 
Leu Asn Thr Glu Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser 
1265 1270 1275 



55 



ATA ACT TTG CAA CAG TGG AGG AAA GCC TTT GGA GTG ATA CCA CAG AAA 
He Thr Leu Gin Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys 
1280 1285 1290 



4008 
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GTA TTT ATT TTT TCT GGA ACA TTT AGA AAA AAC TTG GAT CCC TAT GAA 4056 
Val Phe lie Phe Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu 
1295 1300 1305 

CAG TGG AGT GAT CAA GAA ATA TGG AAA GTT GCA GAT GAG 6TT GGG CTC 4104 
Gin Trp Ser Asp Gin Glu He Trp Lys Val Ala Asp Glu Val Gly Leu 
1310 1315 1320 



10 AGA TCT GTG ATA GAA CAG TTT CCT GGG AAG CTT GAC TTT 6TC CTT GTG 4152 
Arg Ser Val He Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val 
1325 1330 1335 1340 

GAT GGG GGC TGT GTC CTA AGC CAT GGC CAC AAG CAG TTG ATG TGC TTG 4200 
15 Asp Gly Gly Cys Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu 

1345 1350 1355 

GCT AGA TCT GTT CTC AGT AAG GCG AAG ATC TTG CTG CTT GAT GAA CCC 4248 
Ala Arg Ser Val Leu Ser Lys Ala Lys He Leu Leu Leu Asp Glu Pro 
20 1360 1365 1370 



AGT GCT CAT TTG GAT CCA GTA ACA TAC CAA ATA ATT AGA AGA ACT CTA 4296 
Ser Ala His Leu Asp Pro Val Thr Tyr Gin He He Arg Arg Thr Leu 
1375 1380 1385 

25 

AAA CAA GCA TTT GCT GAT TGC ACA GTA ATT CTC TGT GAA CAC AGG ATA 4344 
Lys Gin Ala Phe Ala Asp Cys Thr Val He Leu Cys Glu His Arg He 
1390 1395 1400 

30 GAA GCA ATG CTG GAA TGC CAA CAA TTT TTG GTC ATA GAA GAG AAC AAA 4392 
Glu Ala Met Leu Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys 
1405 1410 1415 1420 



GTG CGG CAG TAC GAT TCC ATC CAG AAA CTG CTG AAC GAG AGG AGC CTC 4440 
35 Val Arg Gin Tyr Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu 

1425 1430 1435 



TTC CGG CAA GCC ATC AGC CCC TCC GAC AGG GTG AAG CTC TTT CCC CAC 4488 
Phe Arg Gin Ala He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His 
40 1440 1445 1450 



CGG AAC TCA AGC AAG TGC AAG TCT AAG CCC CAG ATT GCT GCT CTG AAA 4536 
Arg Asn Ser Ser Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys 
1455 1460 1465 

45 

GAG GAG ACA GAA GAA GAG GTG CAA GAT ACA AGG CTT TAGAGAGCAG 4582 
Glu Glu Thr Glu Glu Glu Val Gin Asp Thr Arg Leu 
1470 1475 1480 

50 CATAAATGTT GACATGGGAC ATTTGCTCAT GGAATTGGAG CTCGTGGGAC AGTCACCTCA 4642 

TGGAATTGGA GCTCGTGGAA CAGTTACCTC TGCCTCAGi^A AACAAGGATG AATTAAGTTT 4702 

TTTTTTAAAA AAGAAACATT TGGTAAGGGG AATTGAGGAC ACTGATATGG GTCTTGATAA 4762 

55 

ATGGCTTCCT GGCAATAGTC AAATTGTGTG AAAGGTACTT CAAATCCTTG AAGATTTACC 4822 



ACTTGTGTTT TGCAAGCCAG ATTTTCCTGA AAACCCTTGC CATGTGCTAG TAATTGGAAA 4 882 
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GGCAGCTCTA AATGTCAATC AGCCTAGTTG ATCAGCTTAT TGTCTAGTGA AACTCGTTAA 4942 



TTTGTAGTGT TGGAGAAGAA CTGAAATCAT ACTTCTTAGG QTTATGATTA AGTAATGATA 5002 
5 ACTGGAAACT TCAGCGGTTT ATATAAGCTT 6TATTCCTTT TTCTCTCCTC TCCCCATGAT 5062 



GTTTAGAAAC ACAACTATAT TGTTTGCTAA GCATTCCAAC TATCTCATTT CCAAGCAAGT 5122 



ATTAGAATAC CACAGGAACC ACAAGACTGC ACATCAAAAT ATGCCCCATT CAACATCTAG 5182 

10 

TGAGCAGTCA GGAAAGAGAA CTTCCAGATC CTGGAAATCA GGGTTAGTAT TGTCCAGGTC 5242 



TACCAAAAAT CTCAATATTT CAGATAATCA CAATACATCC CTTACCTGGG AAAGGGCTGT 5302 
15 TATAATCTTT CACAGGGGAC AGGATGGTTC CCTTGATGAA GAAGTTGATA TGCCTTTTCC 5362 



CAACTCCAGA AAGTGACAAG CTCACAGACC TTTGAACTAG AGTTTAGCTG GAAAAGTATG 5422 



TTAGTGCAAA TTGTCACAGG ACAGCCCTTC TTTCCACAGA AGCTCCAGGT AGAGGGTGTG 5482 

20 

TAAGTAGATA GGCCATGGGC ACTGTGGGTA GACACACATG AAGTCCAAGC ATTTAGATGT 5542 

ATAGGTTGAT GGTGGTATGT TTTCAGGCTA GATGTATGTA CTTCATGCTG TCTACACTAA 5602 

25 GAGAGAATGA GAGACACACT GAAGAAGCAC CAATCATGAA TTAGTTTTAT ATGCTTCTGT 5662 



TTTATAATTT TGTGAAGCAA AATTTTTTCT CTAGGAAATA TTTATTTTAA TAATGTTTCA 5722 



AACATATATT ACAATGCTGT ATTTTAAAAG AATGATTATG AATTACATTT GTATAAAATA 5782 

30 

ATTTTTATAT TTGAAATATT GACTTTTTAT GGCACTAGTA TTTTTATGAA ATATTATGTT 5842 



AAAACTGGGA CAGGGGAGAA CCTAGGGTGA TATTAACCA6 GGGCCATGAA TCACCTTTTG 5902 
35 GTCTGGAGGG AAGCCTTGGG GCTGATCGAG TTGTTGCCCA CAGCTGTATG ATTCCCAGCC 5962 
AGACACAGCC TCTTAGATGC AGTTCTGAAG AAGATGGTAC CACCAGTCTG ACTGTTTCCA 6022 



TCAAGGGTAC ACTGCCTTCT CAACTCCAAA CTGACTCTTA AGAAGACTGC ATTATATTTA 6082 

40 

TTACTGTAAG AAAATATCAC TTGTCAATAA AATCCATACA TTTGTGT 6129 



(2) INFORMATION FOR SEQ ID NO: 2: 

45 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1480 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 

(ii) MOLECULE TYPE: protein 
.{xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 



55 



Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val Ser Lys Leu Phe 
1 5 10 • 15 * 
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Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr Arg Gin Arg Leu 
20 25 30 

5 Glu Leu Ser Asp lie Tyr Gin lie Pro Ser Val Asp Ser Ala Asp Asn 
35 40 45 

Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu Leu Ala Ser Lys 
SO 55 60 

10 

Lys Asn Pro Lys Leu lie Asn Ala Leu Arg Arg Cys Phe Phe Trp Arg 
65 70 75 80 

Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu Val Thr Lys Ala 
15 85 90 95 

Val Gin Pro Leu Leu Leu Gly Arg lie He Ala Ser Tyr Asp Pro Asp 
100 105 110 

20 Asn Lys Glu Glu Arg Ser He Ala He Tyr Leu Gly He Gly Leu Cys 
115 120 125 

Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro Ala He Phe Gly 
130 135 140 

25 

Leu His His He Gly Met Gin Met Arg He Ala Met Phe Ser Leu He 
145 150 155 160 

Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu Asp Lys He Ser 
30 165 170 175 

He Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu Asn Lys Phe Asp 
180 185 190 

35 Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala Pro Leu Gin Val 
195 200 205 

Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin Ala Ser Ala Phe 

210 215 220 

40 

Cys . Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe Gin Ala Gly Leu 
225 230 235 240 

Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala Gly Lys He Ser 
45 245 250 255 

Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn He Gin Ser Val 
260 265 270 

50 Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met He Glu Asn Leu 
275 280 285 

Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala Tyr Val Arg Tyr 
.290 295 300 

55 

Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe Val Val Phe Leu 
305 310 315 320 
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Ser Val Leu Pro Tyr Ala Leu lie Lys Gly lie lie Leu Arg Lys He 
325 330 335 

Phe Thr Thr He Ser Phe Cys He Val Leu Arg Met Ala Val Thr Arg 
340 345 350 

Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser Leu Gly Ala He 
355 360 365 

Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr Lys Thr Leu Glu 
370 375 380 



Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn Val Thr Ala Phe 
15 385 390 395 400 

Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala Lys Gin Asn Asn 
405 410 415 

20 Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu Phe Phe Ser Asn 
420 425 430 



25 



Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp He Asn Phe Lys He 
435 440 445 

Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr Gly Ala Gly Lys 
450 455 460 



Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu Pro Ser Glu Gly 
30 465 470 475 480 

Lys He Lys His Ser Gly Arg He Ser Phe Cys Ser Gin Phe Ser Trp 
485 490 495 

35 He Met Pro Gly Thr He Lys Glu Asn He He Phe Gly Val Ser Tyr 
500 505 510 



40 



Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys Gin Leu Glu Glu 

515 520 525 

Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val Leu Gly Glu Gly 

530 535 • 540 



Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He Ser Leu Ala Arg 

45 545 550 555 560 

Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp Ser Pro Phe Gly 

565 570 575 

50 Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu Ser Cys Val Cys 

580 585 590 



55 



Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr Ser Lys Met Glu 
595 600 605 

His Leu Lys Lys Ala Asp Lys He Leu He Leu His Glu Gly Ser Ser 
610 615 620 
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Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu Gin Pro Asp Phe 
625 630 635 640 

5 Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin Phe Ser Ala Glu 
645 650 655 

Arg Arg Asn Ser He Leu Thr Glu Thr Leu His Arg Phe Ser Leu Glu 
660 665 670 

10 

Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys Gin Ser Phe Lys 
675 680 685 

Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser He Leu Asn Pro 
15 690 695 700 

He Asn Ser He Arg Lys Phe Ser He Val Gin Lys Thr Pro Leu Gin 
705 710 715 720 

20 Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu Glu Arg Arg Leu 

725 730 735 

Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He Leu Pro Arg He 
740 745 750 

25 

Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg Arg Arg Gin Ser 
755 760 765 

Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly Gin Asn He His 
30 770 775 780 

Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu Ala Pro Gin Ala 
785 790 795 800 

35 Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu Ser Gin Glu Thr 

805 810 815 

Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp Leu Lys Glu Cys 
620 825 830 

40 

Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr Thr Trp Asn Thr 
835 840 845 

Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu He Phe Val Leu He 
45 850 855 860 

Trp Cys Leu Val He Phe Leu Ala Glu Val Ala Ala Ser Leu Val Val 
B65 870 875 880 

50 Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys Gly Asn Ser Thr 

885 890 895 

His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr Ser Thr Ser Ser 
900 905 910 

55 

Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp Thr Leu Leu Ala 
915 920 925 
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Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr Leu lie Thr Val 
930 935 940 

5 Ser Lys He Leu His His Lys Met Leu His Ser Val Leu Gin Ala Pro 
945 950 955 960 



10 



25 



40 



55 



Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He Leu Asn Arg Phe 

965 970 975 

Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro Leu Thr He Phe 
980 985 990 



Asp Phe He Gin Leu Leu Leu He Val He Gly Ala He Ala Val Val 
15 995 1000 1005 

Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val Pro Val He Val 
1010 1015 1020 

20 Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr Ser Gin Gin Leu 
1025 1030 1035 1040 



Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe Thr His Leu Val 
1045 1050 1055 

Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe Gly Arg Gin Pro 
1060 1065 1070 



Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu His Thr Ala Asn 
30 1075 1080 1085 

Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin Met Arg He Glu 
1090 1095 1100 

35 Met He Phe Val He Phe Phe He Ala Val Thr Phe He Ser He Leu 
1105 1110 1115 H20 



Thr Thr Gly Glu Gly Glu Gly Arg Val Gly He He Leu Thr Leu Ala 
1125 1130 1135 

Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn Ser Ser He Asp 
1140 1145 1150 



Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe Lys Phe He Asp 
45 1155 1160 1165 

Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys Pro Tyr Lys Asn 
1170 1175 1180 

50 Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser His Val Lys Lys 
1185 1190 1195 1200 



Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val Lys Asp Leu Thr 
1205 1210 1215 

Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu Asn He Ser Phe 
1220 1225 1230 
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Ser lie Ser Pro Gly Gin Arg Val Gly Leu Leu Gly Arg Thr Gly Ser 
1235 1240 1245 

5 Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu Leu Asn Thr Glu 
1250 1255 1260 

Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser He Thr Leu Gin 
1265 1270 1275 .1280 

10 

Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys Val Phe He Phe 
1285 1290 1295 

Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu Gin Trp Ser Asp 
15 1300 1305 1310 

Gin Glu He Trp Lys Val Ala Asp Glu Val Gly Leu Arg Ser Val He 
1315 1320 1325 

20 Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val Asp Gly Gly Cys 
1330 1335 1340 

Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu Ala Arg Ser Val 
1345 1350 1355 1360 

25 . 

Leu Ser Lys Ala Lys He Leu Leu Leu Asp Glu Pro Ser Ala His Leu 
1365 1370 1375 

' Asp Pro Val Thr Tyr Gin He He Arg Arg Thr Leu Lys Gin Ala Phe 
30 1380 1385 1390 

Ala Asp Cys Thr Val He Leu Cys Glu His Arg He Glu Ala Met Leu 
1395 1400 1405 

35 Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys Val Arg Gin Tyr 
1410 1415 1420 

Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu Phe Arg Gin Ala 
1425 1430 1435 1440 

40 

He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His Arg Asn Ser Ser 
1445 1450 1455 

Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys Glu Glu Thr Glu 
45 1460 1465 1470 

Glu Glu Val Gin Asp Thr Arg Leu 
1475 1480 

50 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5635 base pairs 

(B) TYPE: nucleic acid 
55 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

CATCATCAAT AATATACCTT ATTTTGGATT GAAGCCAATA TGATAATGAG GGGGTGGAGT 60 

5 

TTGTGACGTG GCGCGGGGCG TGGGAACGGG GCGGGTGACG TAGTAGTGTG GCGGAAGTGT 120 

GATGTTGCAA GTGTGGCGGA ACACATGTAA GCGCCGGATG TGGTAAAAGT GACGTTTTTG 180 

10 GTGTGCGCCG GTGTATACGG GAAGTGACAA TTTTCGCGC6 GTTTTAGGCG GATGTTGTAG 240 

TAAATTTGGG CGTAACCAA6 TAATGTTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 300 

AGTGAAATCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 360 

15 

GACTTTGACC GTTTACGTGG AGACTCGCCC AGGTGTTTTT CTCAGGTGTT TTCCGCGTTC 420 

CGGGTCAAAG TTGGCGTTTT ATTATTATAG TCAGCTGACG CGCAGTGTAT TTATACCCGG 480 

20 TGAGTTCCTC AAGAGGCCAC TCTTGAGTGC CAGCGAGTAG AGTTTTCTCC TCCGAGCCGC 540 

TCCGAGCTAG TAACGGCCGC CAGTGTGCTG CAGATATCAA AGTCGACGGT ACCCGAGAGA 600 

CCATGCAGAG GTCGCCTCTG GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA 660 

25 

CCAGACCAAT TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA 720 

TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA TGGGATAGAG 780 

30 AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT TCGGCGATGT TTTTTCTGGA 840 

GATTTATGTT CTATGGAATC TTTTTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 900 

TCTTACTGGG AAGAATCATA GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG 960 

35 

CGATTTATCT AGGCATAGGC TTATGCCTTC TCTTTATTGT GAGGACACTG CTCCTACACC 1020 

CAGCCATTTT TGGCCTTCAT CACATTGGAA TGCAGATGAG AATAGCTATG TTTAGTTTGA 1080 

40 TTTATAAGAA GACTTTATUIG CTGtCAAGCC GTGTTCTAGA TAAAATAAGT ATTGGACAAC 1140 

TTGTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTG6CACATT 1200 

TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 1260 

45 

AGGCGTCTGC CTTCTGTGGA CTTGGTTTCC TGATAGTCCT TGCCCTTTTT CAGGCTGGGC 1320 

TAGGGAGAAT GATGATGAAG TACAGAGATC AGAGAGCTGG GAAGATCAGT GAAAGACTTG 1380 

50 TGATTACCTC AGAAATGATT GAAAACATCC AATCTGTTAA GGCATACTGC TG6GAAGAAG 1440 

CAATGGAAAA AATGATTGAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 1500 

CCTATGTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTCTTT GTGGTGTTTT 1560 

55 

TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCGGAAAATA TTCACCACCA 1620 

TCTCATTCTG CATTGTTCTG CGCATGGCGG TCACTCGGCA ATTTCCCTGG GCTGTACAAA 1680 
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CATGGTATGA CTCTCTTGGA GCAATAAACA 
ATAAGACATT GGAATATAAC TTAACGACTA 
5 TCTGGGAGGA GGGATTTGGG GAATTATTTG 
AAACTTCTAA TGGTGATGAC AGCCTCTTCT 
TCCTGAAAGA TATTAATTTC AAGATAGAAA 

10 

CTGGAGCAGG CAAGACTTCA CTTCTAATGA 
GTAAAATTAA GCACAGTGGA AGAATTTCAT 
15 GCACCATTAA AGAAAATATC ATCTTTGGTG 
TCATCAAAGC ATGCCAACTA GAAGAGGACA 
TTCTTGGAGA AGGTGGAATC ACACTGAGTG 

20 

GAGCAGTATA CAAAGATGCT GATTTGTATT 
TTTTAACAGA AAAAGAAATA TTTGAAAGCT 
25 GGATTTTGGT CACTTCTAAA ATGGAACATT 
ATGAAGGTAG CAGCTATTTT TATGGGACAT 
TTAGCTCAAA ACTCATGGGA TGTGATTCTT 

30 

CAATCCTAAC TGAGACCTTA CACCGTTTCT 
CAGAAACAAA AAAACAATCT TTTAAACAGA 
35 CTATTCTCAA TCCAATCAAC TCTATACGAA 
AAATGAATGG CATCGAAGAG GATTCTGATG 
CAGATTCTGA GCAGGGAGAG GCGATACTGC 

40 

CGCTTCAGGC ACGAAGGAGG CAGTCTGTCC 
GTCAGAACAT TCACCGAAAG ACAACAGCAT 
45 CAAACTTGAC TGAACTGGAT ATATATTCAA 
TAAGTGAAGA AATTAACGAA GAAGACTTAA 
TACCAGCAGT GACTACATGG AACACATACC 

50 

■ TTTTTGTGCT AATTTGGTGC TTAGTAATTT 
TGCTGTGGCT CCTTGGAAAC ACTCCTCTTC 
55 ATAACAGCTA TGCAGTGATT ATCACCAGCA 
TGGGAGTAGC CGACACTTTG CTTGCTATGG 
CTCTAATCAC AGTGTCGAAA ATTTTACACC 
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AAATACAGGA TTTCTTACAA AAGCAAGAAT 1740 

CAGAAGTAGT GATGGAGAAT GTAACAGCCT 1800 

AGAAAGCAAA ACT^AAACAAT AACAATAGAA 1860 

TCAGTAATTT CTCACTTCTT GGTACTCCTG 1920 

GAGGACAGTT GTTGGCGGTT GCTGGATCCA 1980 

TGATTATGGG AGAACTGGAG CCTTCAGAGG 2040 

TCTGTTCTCA GTTTTCCTGG ATTATGCCTG 2100 

TTTCCTATGA TGAATATAGA TACAGAAGCG 2160 

TCTCCAAGTT TGCAGAGAAA GACAATATAG 2220 

GAGGTCAACG AGCAAGAATT TCTTTAGCAA 2280 

TATTAGACTC TCCTTTTGGA TACCTAGATG 2340 

GTGTCTGTAA ACTGATGGCT AACAAAACTA 2400 

TAAAGAAAGC TGACAAAATA TTAATTTTGC 2460 

TTTCAGAACT CCAATUVTCTA CAGCCAGACT 2520 

TCGACCAATT TAGTGCAGAA AGAAGAAATT 2580 

CATTAGAAGG AGATGCTCCT GTCTCCTGGA 2640 

CTGGAGAGTT TGGGGAAAAA AGGAAGAATT 2700 

AATTTTCCAT TGTGCAAAAG ACTCCCTTAC 2760 

AGCCTTTAGA GAGAAG6CTG TCCTTAGTAC 2820 

CTCGCATCAG CGTGATCAGC ACTGGCCCCA 2880 

TGAACCTGAT GACACACTCA GTTAACCAAG 2940 

CCACACGAAA AGTGTCACTG GCCCCTCAGG 3000 

GAAGGTTATC TCAAGAAACT GGCTTGGAAA 3060 

AGGAGTGCCT TTTTQATGAT ATGGAGAGCA 3120 

TTCGATATAT TACTGTCCAC AAGAGCTTAA 3180 

TTCTGGCAGA GGTGGCTGCT TCTTTGGTTG 3240 

AAGACAAAGG GAATAGTACT CATAGTAGAA 3300 

CCAGTTCGTA TTATGTGTTT TACATTTACG 3360 

GATTCTTCAG AGGTCTACCA CTGGTGCATA 3420 

ACAAAATGTT ACATTCTGTT CTTCAAGCAC 3480 
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112 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



CTATGTCAAC CCTCAACACG TTGAAAGCAG GTGGGATTCT TAATAGATTC TCCAAAGATA 3540 

TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTGTTATTAA 360 0 

TTGTGATTGG AGCTATAGCA GTTGTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 3660 

TGCCAGTGAT AGTGGCTTTT ATTATGTTGA 6AGCATATTT CCTCCAAACC TCACAGCAAC 3720 

TCAAACAACT GGAATCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 3780 

AAGGACTATG GACACTTCGT GCCTTCGGAC GGCAGCCTTA CTTTGAAACT CTGTTCCACA 3840 

AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT GTCAACACTG CGCTGGTTCC 3900 

AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATTGC TGTTACCTTC ATTTCCATTT 3960 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 4020 

TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG ATGCGATCTG 4080 

TGAGCCGAGT CTTTAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 4140 

AACCATACAA GAATGGCCAA CTCTCGAAAG TTATGATTAT TGA6AATTCA CACGTGAAGA 4200 

AAGATGACAT CTGGCCCTCA GGGGGCCAAA TGACTGTCAA AGATCTCACA GCAAAATACA 4260 

CAGAA6GTGG AAATGCCATA TTAGAGAACA TTTCCTTCTC AATAA6TCCT GGCCAGAGGG 4320 

TGGGCCTCTT GGGAAGAACT GGATCAGGGA AGAGTACTTT GTTATCAGCT TTTTTGAGAC 4380 

TACTGAACAC TGAAGGAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 4440 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 4500 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 4560 

ATGAGGTTGG GCTCAGATCT GTGATAGAAC AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 4620 

TGGATGGGGG CTGTGTCCTA AGCCATGGCC ACAAGCAGTT GATGTGCTTG GCTAGATCTG 4680 

TTCTCAGTAA GGCGAAGATC TTGCTGCTTG ATGAACCCAG TGCTCATTTG GATCCAGTAA 4740 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA GTAATTCTCT 4800 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 4860 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 4920 

CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 4980 

CTAAGCCCCA GATTGCTGCT CTGAAAGAGG AGACAGAAGA AGAGGTGCAA GATACAAGGC 5040 

TTTAGAGAGC AGCATAAATG TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 5100 

TTGAGGTACT GAAATGTGTG GGCGTGGCTT AAGGGTGGGA AAGAATATAT AAGGTGGGGG 5160 

TCTCATGTAG TTTTGTATCT GTTTTGCAGC AGCCGCCGCC ATGAGCGCCA ACTCGTTTGA 5220 
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TGGAAGCATT GTGAGCTCAT ATTTGACAAC GCGCATGCCC CCATGGGCCG GGGTGCGTCA 5280 

GAATGTGATG GGCTCCAGCA TTGATGGTCG CCCCGTCCTG CCCGCAAACT CTACTACCTT 5340 

5 GACCTACGAG ACCGTGTCTG GAACGCCGTT GGAGACTGCA GCCTCCGCCG CCGCTTCAGC 5400 

CGCTGCAGCC ACCGCCCGCG GGATTQTGAC TGACTTTGCT TTCCTGAGCC CGCTTGCAAG 5460 

CAGTGCAGCT TCCCGTTCAT CCGCCCGCGA TGACAAGTTG ACGGCTCTTT TGGCACAATT 5520 

GGATTCTTTG ACCCGGGAAC TTAATGTCGT TTCTCAGCAG CTGTTGGATC TGCGCCAGCA 5580 

GGTTTCTGCC CTGAAGGCTT CCTCCCCTCC CAATGCGGTT TAAAACATAA ATAAA 5635 
15 (2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



10 



25 



30 



40 



(ii) MOLECULE TYPE: CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
ACTCTTGAGT GCCAGCGAGT AGAGTTTTCT CCTCCG 36 
(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
35 (B) TYPE: nucleic acid 

. (C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

'45 GCAAAGGAGC GATCCACACG AAATGTGCC 29 

(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

55 (ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
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CTCCTCCGAG CCGCTCCGAG CTAG 24 
(2) INFORMATION FOR SEQ ID N0:7: 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CCAAAAATGG CTGGGTGTAG GAGCAGTGTC C 31 
20 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 



35 



(ii) MOLECXnjE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CGGATCCTTT ATTATAGGGG AAGTCCACGC CTAC 34 
(2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 



'45 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
50 CGGGATCCAT CGATGAAATA TGACTACGTC CG 



32 
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Claims 

1 . An adenovirus-based gene therapy vector comprising the genome of an adenovirus 2 
serotype in which the Ela and Elb regions of the genome, which are involved in early stages 

5 of viral replication, have been deleted and replaced by genetic material of interest. 

2. The adenovirus-based gene therapy vector of claim 1 , wherein the genetic material of 
interest is DNA encoding cystic fibrosis transmembrane conductance regulator 

10 3. The adenovirus-based gene therapy vector of claim 1 further comprising PGK 
promoter operably linked to the genetic material of interest. 

4. The adenovirus-based gene therapy vector of claim 2 having substantially the same 
nucleotide sequence as shown in Table II (SEQ ID N0:3). 

15 

5. An adenovirus-based gene therapy vector comprising adenovirus inverted terminal 
repeat nucleotide sequences and the minimal nucleotide sequences necessary for efficient 
replication and packaging and genetic material of interest. 

20 6. The adenovirus-based gene therapy vector of claun 5 having the adenovirus 2 
sequences shown in Figure 17. 

7. The adenovirus-based gene therapy vector of claim 5 further comprising PGK 
promoter operably linked to the genetic material of interest 

25 

8. The adenovirus-based gene therapy vector of claim 5 in which the genetic material of 
interest is selected from the group consisting of DNA encoding: cystic fibrosis 
transmembrane conductance regulator, Factor VIII, and Factor IX. 

• 30 9. An adenovirus-based gene therapy vector comprismg an adenovirus genome which 
has been deleted for all E4 open reading frames, except open reading frame 6, and 
additionally comprising genetic material of interest. 

1 0. The adenovirus-based gene therapy vector of claim 9 further comprising PGK 
35 promoter operably linked to the genetic material of interest. 

1 1 . The adenovirus-based gene therapy vector of claim 9 in which the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, have been deleted. 
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12. The adenovirus-based gene therapy vector of claim 9 in which the E3 region has been 
deleted. 

13. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
5 has been deleted for all E4 open reading frames, except open reading frame 3, and 

additionally comprising genetic material of interest. 

14. The adenovirus-based gene therapy vector of claim 13 in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

10 deleted. 

15. The adenovmis-based gene therapy vector of claim 1 3 further comprising PGK 
promoter operably Imked to the genetic material of interest. 

15 16. The adenovirus-based gene therapy vector of claim 1 3 m which the E3 region has 
been deleted. 

1 7. A method for treating or preventing cystic fibrosis in a patient comprismg 
administering to the puhnonaiy airways of the patient, a gene therapy vector comprising 

20 DNA encoding cystic fibrosis transmembrane conductance regulator. 

18. The method of claim 17 wherem the gene therapy vector is an adenovirus-based gene 
therapy vector comprising the genome of an adenovirus 2 serotype in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

25 deleted and replaced by DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

1 9. The method of claim 1 7 wherein the gene therapy vector fiirther comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 

' 30 regulator. 

20. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising adenovirus inverted terminal repeats and the minimal sequences 
necessary for efficient replication and packaging and DNA encoding cystic fibrosis 

35 tranmembrane conductance regulator. 

2 1 . The method of claim 20 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. i 
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22. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and additionally comprising DNA encoding 
5 cystic fibrosis transmembrane conductance regulator. 



23. The method of claim 22 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

10 

24. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and has been deleted for the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, and additionally 

1 S comprising DNA encoding cystic fibrosis tranmembrane conductance regulator. 

25. The method of claim 24 wherein the gene therapy vector fijrther comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 
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CONSTRUCTION OF THE pKK- CFrR2 PLASMID 
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CONSTRUCTION OF THE pKK- CFTR3 CLONE (cont'd.) 
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Figure 15 



SUBSTITUTE SHEET (RULE 26) 



17/50 



PCT/US93/11667 



COKnOl RAT WFEaEO I AT J 




2 3 4 56789 10 

Figure 16 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



18/50 




872 
603 
SO 6 



Figure 17 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/ll«fi7 



19/50 



/o 
100- 

80- 

60- 



1.1 





0.9 



mm 




wo 94/12649 



PCT/US93/11667 



20/50 




Figure 19 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS93/11667 



21/50 



or 



\ 
/ 



CO 

ir> cico o 
T- cptp CO 




CM 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



«<> 22/50 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



23/50 



PCT/US93/11667 




D 



Figure 22 





SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 PCTAIS93/11667 



24/50 



ANTIBODY TITERS 



8000 



4000 



. First infection 


Second infection 


Third Infection 


A 








T / 


— . — . T J 






SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/1W67 



26/50 





SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



27/50 




Figure 26 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



28/50 



PCT/US93/11667 



vt 

(mV) 



0 
-4 



-12' 
-16- 



terbutaline 



amilorid© 




2 mm 



Figure 27 



SUBSniUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 




SUBSTITUTE SHEET (RULE 26) 



wo 94/U649 



30/50 



PCT/US93/11667 



0 ■ 

-10' 

Vt .20- 
(mV) 

-SOH 

-40' 

0 ' 



Vt 
(mV) 



-2- 

-4- 
-6 

-8 



terbutaline 



amiloride 




amiloride 



Figure 29A 



terbutaline 




Figure 29B 



2 min 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



31/50 



Vt 

(mV) 



0- 

•20- 
-30" 
.40- 
• SO-*- 



AVt 

(mV) 



6- 
4- 
2- 
0- 
-2- 
-4* 
-6- 



'09 -7 0 




o- 



0 

m • 



-89 -7 0 



— r~" 

10 

Day 



Figure 30A 



Figure 30B 



—I 1 : 1 — 

20 30 40 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



32/50 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCTAJS93/11667 



33/50 



Vt 

(mV) 



0' 
-10" 
-20- 
30- 
40- 
50 
6 



• *• 



S 



0 • 



Figure 30E 



-117-25- 0 



-r — 1 J p— r— 1-— t 

-to 20 30 40 



(mV) 



4* 

2- 

0 
-2- 
-4- 

-e 



ol 



1 



!«9 • 



led • 



•117-25 0 



■7— — r- 

10 



■T r- 

20 



Figure 30F 



30 



40 



Day 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 PCTAJS93/11667 



34/50 



0 
-10 




Figure 31 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



35/50 



O ^ (3 



5'PR T?t 



II 



L/)CZ 



O) 0) l/C S. 



1 rn- 



S\tp4 

nn 



^<9'J3" Clouiua Gict-t(!.->_ ^ 



7 3Juc',Cr,j>/ SKU 



c 



Figure 32 

suBsrrruTE sheet (rule 26) 



wo 94/12649 



PCT/US93/11667 




wo 94/12649 



37/50 



PCTAJS93/llfi67 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 PCT/US93/11667 



38/50 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/116d7 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 




SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



42/50 

CLINICAL SIGNS MONKEYC 



AGE 7 YEAR S 
WBGHT 



DATE 



EXAMINATION MgARTRATE RESP RATE TEMPg^UBE 



5/1 1/93 
5/1 1/93 
5/14/93 
S/18/93 

6/4/93 
6718/93 
6/24/93 
6/24/93 
16/28/93 

7/5/93 
7/12/93 
9/17/93 



(bealfi/min) (breath/min) 



NORMAL 


112 


16 




INFECTION 




NORMAL 


98 


14 


NORMAL 


104 


16 


NOFWAL' 


108 


16 


NORMAL 


112 


16 


NORMAL 


116 


18 




INFECTION 




NORMAL. 


104 


1 8 


granulation 


116 


16 


NORMAL 


114 


20 


NORMAL 


108 


16 



(Celsius) 
37.8 

38.1 
38.3 
38.2 
38.4 
38.8 

37.9 
37.4 
38.3 
38-3 



(Kg) 
6.4 



Figure 39A 
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